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The new Fluke 45 has dual display versatility. 
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With 2 multifunction 
displays and 16 dif- 
ferent measurement 
capabilities, tlie new 
Fluke 45 does virtu- 
ally everytfiing you 
want a meter to do. 
And for a surprisingly 
affordable price. 



The 5-digit, 100,000 count dual dis- 
plays give you more information in less 
time - and with less effort. For example, 
measure the VDC output of a power sup- 
ply while measuring the VAC ripple. Or 
check the amplitude and frequency of an 
AC signal. From a single test connection! 

And the Fluke 45 is designed to make 
complex measurements easier, with stan- 
dard features like a 1 MHz frequency 
counter, Min l\/lax, limits testing (Hi/Lo/ 
Pass), Touch Hold* and Relative modes. 
There are 21 different reference imped- 
ances for dB measurements; in the 2n 
to 16 n ranges, audio power can be auto- 
matically displayedinwatts. 
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Accuracy to get ttie jot) done riglit. 

The Fluke 45 is a true-rms meter, 
with 0.02% basic do voltage accuracy 
and 1 00,000 count resol ution on both 
displays. Basic dc current accuracy is 
0.05%, making the 45 ideal for servicing 
4-20 mA current loops. Closed-case 
calibration simplifies the calibration 
process and increases uptime. 

Even an RS-232 interface Is standard. 

Connect! ng the F luke 45 to PCs, 
RS-232 printers and modems is as easy 
as attaching the cable. An IEEE-488.2 
interface and rechargeable batteries are 
available as options. 

CIRCLE 121 ON FHEE INFORMATION CARD 
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Get everything 
you've ever wanted. 

Dual displays. 
16 functions. Even the 
security of an optional 
two-year warranty 
extension for only $35. 
For all the information 
on the new Fluke 45, 
contact your local dis- 
tributor. Or call toll-free 
1-800-44-FLUKE,ext.33. 



FLUKE 45 DUAL DISPLAY MULTIMETER 
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True-tms voltage and cuiient, 

incMincac+flc 

0.02% tasic ili: wliaae accuracy 
0.05% tesic ac curretil accuracji 
IMHrltwency counter 
RS-232 irHEtlaceslanilard 
iB, Willi 21 lelcrence 
impedances, and audio powet 

catcuialions. 
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Comiiaie and Hela[i;<e lunclions 
Min Max and Toucli Hold' 

tiinclions 

Optional PC soltware loi RE-232 

apQlicalions 

Oolional \Eii-ASS2 interlace. 
batiaryiaci! 

One year warianly 

Opiional two year watranly 
eitension 535" 



Jotin Fluke HID. Co. , Inc. RO. Soi C90M M/S 260C Emett. WA 9821)6 
[I.S.: 306-356-5400 Csnafc 416-690-1600 OinsrCoumries: 2O5-3S6-6SO0 
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33 SPECTRUM MONITOR 

Convert your oscilloscope into a spectrum analyzer! 
Fred Baumgartner 

43 LOW-FREQUENCY TRANSMITTER 

Transmit on the no-license-requlred 1750-meter band. 
Richard A. Nelson 

47 LOW-FREQUENCY CONVERTER 

Explore the frequency range just below the AM band. 
William Sheets and Rudolf F. Graf 
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51 BEYOND STEREO 

Get better stereo from your TV with the Sound Retrieval System. 
Len Feldman 

55 KEEP YOUR VCR HEALTHY 

How to troubteshoot tape-loading problems. 
Peter M. Hansen 
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77 PROGRAMMABLE ARCHITECTURES 

A possible new direction in computer technology. 
Andrew Reeve 

82 687025 MICROCONTROLLER 

Build a single-IC microprocessor system. 
Thomas Henry 



59 OP-AMPS IN INSTRUMENTATION 

Put op-amps to work in instrumentation circuits 
Ray Marston 
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6 VIDEO NEWS 

The latest happenings. 
David Lachenbruch 

22 EQUIPMENT REPORTS 

Elenco Digital Trainer XK-220, 
and Sibex FG-1 Function 
Generator. 

65 HARDWARE HACKER 

Humidity sensors, and more! 
Don Lancaster 



70 AUDIO UPDATE 

The evolution of car stereo. 
Larry Klein 

72 DRAWING BOARD 

The contest is over. 
Robert Grossblatt 

77 EDITOR'S WORKBENCH 

Software and book reviews. 
Jeff Holtzman 
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What is the first item on your test- 
equipment wish list? If you're like 
most of us, it's a spectrum analyzer. 
And the reason you don't have one is 
because of its high price. We're here 
to offer a solution. Convert your os- 
cilloscope into a 2-600 MHz spec- 
trum monitor for a fraction of the 
cost of a real analyzer. For all the 
details, turn to page 33. 
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THE OCTOBER ISSUE 
GOES ON SALE 
SEPTEMBER 5. 



BUILD THE RE FAX MATE 

Now you can use your fax and your regular phone on the same line! 
(It works with modems, too J 

BUILD A REMOTE A/B SWITCH 

The ultimate couch potato's dream: Never leave your easy chair again! 

CmCUtT COOKBOOK 

Dozens of CMOS bilateral switch circuits. 

Put the 68705 microcontroller to work. 



As a service to readers, RADIO' ELECTRONICS piiblishcs avaiiabte plans or infarmj^tion Fsiating lo riiswswflrthy products, 
tecliniqu^s and scicuLiFic a^d technological developments. Becziusc oE possible wariances in the quality and condition of 
matenals and workmanship used by readers, RADIO-ELECTRONICS di^dainns any responsibility for the safe and proper 
functioning of reader-built projects based upon or Itom plans orjnfarination published In this magazine. 

Since some of the equipment and circuitry described in RAOiO-ELECTRONlCS may reiate to or be covered by U,S, patents. 
RADIO-ELECTRON lC3 disclaims any liability for the infringement of such patents by the making, using, or selling of any such 
equipment or circuitry, .and suggests that anyone interested in such projects consult a patent attorney, 

RADIO-ELECTRONICS, ilSSN 0033 7B62) September 1989. Published monthly by Gemsback Publications, inc. 500 B Bi^ 
County Boulevard. Farmingdale, hJY !17S5 Second-Class Postage paid ai Farmingdale. NY and additional malting offices. 
Sficond-ClasE mail registration No- 9242 authori»d at Toronto, Canada, One-year subscription rate U.S-A, and possessions 
S17.97, Canada S23.97, all other countries S26.97. All subscription orders payable in U.S-A. funds only, via rniemationat postal 
money ofder or check drawn on a U-S-A. bank. Singfe copies $2,25, ■^ 19S9 by Gemsback Publications J nc. All rights reserved. 
Printed in U.S-A. 



P05TMASTEH; Please send address changes to RADIO-ELECTRONICS. Subscription Dspt,, Box 55115. Boulder, 
80321-5115. 
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DELUXE TEST LEAD KIT 

Users call TPI test leads The Absolute Best. The 
TLS2000 features the highest quality cable in the 
industry — with spring- loaded safety-sleeved 
plugs. U.L. listed (file E79581). Kit: $29. Leads 
& probes only: $19. Satisfaction guaranteed. 
TEST PROBES INC. Call toll-free for cataiog: 
1-800.368-5719. 
CtRCLE 211 ON FREE INFORMATION CARD 
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BNC ATTENUATOR KIT 

Contains 4 attenuators — 3dB, 6dB, lOdB, 
20dB; 1 feedthrough and 1 termination. Thick- 
film circuitry for low reactances. Rugged de- 
sign resists shock and lasts longer. Rectangular 
shape stays put on the bench. Impedance: 50tl 
Frequency: I GHz. Maximum Power: IkW 
peak, IW avg. VSWR 1.2:1. Attenuator 
Accuracy :±0 .2d B. Terminations Resistance 
Tolerance: ±1%. S150. 
TEST PROBES INC. Call toll-free for catalog: 
1-800-368-5719. 
CIRCLE 212 ON FREE INFORMATION CARD 




ECONOMICAL SILICON 
RUBBER TEST LEADS 

Best value in moderately priced leads. High 
quality, soft, silicon rubber cable. Banana plug 
on measuring tip accepts push-on accessories. 
Plugs have spring-loaded safety sleeves. Model 
TLIOOO $14.00. Satisfaction guaranteed. 
TEST PROBES INC. Call toll- free for catalog; 
1-800-368-5719. 
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COAX ADAPTER KIT 

• Create any adapter in seconds 

■ Make all combinations of BNC, TNC, SMA, 

N, UHF, Mini-UHF. F and RCA 
The TPI 3000A kit contains male and female 
connectors of ail 8 types, and 6 universal inter- 
faces. Simply screw any combination of 24 con- 
nectors to one of the interfaces to create (he 
desired adapter. $150. 

TEST PROBES INC. 9178 Brown Deer, San 
Diego, California 92 1 2 1 . Call loll-free for cata- 
log: 1-800-368-5719. 

CIRCLE 210 ON FREE INFORMATION CARD 




No Better Probe Ever 
at This Price! 




Shown here 

Model SP150 $ 

Switchable Ix-IOx 

CIRCLE 181 ON FREE INFORMATION CARD 
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Risetime less than 1.5 nsec. 



UniversaJ - works with all 

o.scilloiiCopes 

Removable Ground Lead 

Excludes External 

Interference - even on 

scope's most sensitive range 
■ Rugged - withstands harsh 

environments including high 

temperature and humidity 
' Advanced Strain Relief - 

cables last longer 
' Available in 10\, Ix and 

switchable Ix-lOx 

Call for free catalog and 



10 day return policy - 

performance and satisfaction 
guaranteed 



TEST itpt 
PROBES, INC. liri 

9178 Brown Deer Road 
San Diego, CA 92121 

Toll Free 1-800-368-5719 

1-800-643-8382 in CA 

Distributor in vour area 
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WHAT'S IN EWS 



Fastest megabit DRAM chip. 




JIM BALLARD OF IBM'S semiconductor manufacturing and development facility runs a 
robotic tool that processes the world's fastest one-million-bit DRAM chips on S^inch- 
diameter silicon wafers. 



IBM's one-million-bit Dynamic 
Random /\ccess Memory (DRAM) 
cinip is now being manufactured in 
volume at the company's plant in 
Essex Junction, VT. The chip can 
access a bit of data in only 65 
nanoseconds (billionths of a sec- 
ond) — almost a 20% improvement 
over IBM'sother megabit chip. The 
faster speed is a result of advance- 
ments in the manufacturing pro- 
cess. The chips are fabricated on 8- 
inch diameter silicon v^fafers, 
rather than the industry-standard 



4- to 6-tnch wafers. Because the 
larger 8-inch wafers hold more 
chips, manufacturing-line produc- 
tivity is significantly increased. 

The first application for the new 
chip is in the recently announced 
Application System:/400 (AS/400) 
model B70, a powerful high-end 
addition to the line of computers 
designed for small and intermedi- 
ate-sized companies. The 65- 
nanosecond chip helps make the 
B7ffs processor faster by improv- 
ing main storage-access time. 



"Smart fluids" control hydraulic 
equipment 

Dr. Frank Filisko, a physicist at 
the University of Michigan, Ann 
Arbor, has developed a water-free 
electro-rheological fluid, which 
temporarily thickens when sub- 
jected to electrical current. The 
"smart fluid" might provide some 
unusual alternatives to the valves 
that are used today to control the 
liquid pressure that powers 
hydraulic systems. 

Those complex, expensive, and 
relatively slow valves are the weak 
links in all types of modern 
hydraulic systems, and scientists 
have been working on electro-rhe- 
ological fluid as a valve replace- 
ment for several decades. Because 
the fluid thickens as the electric 
field is increased, by controlling 
the electrical field it is possible to 
exert precise control on the thick- 
ness of the fluid — which can 
change from its at-rest milk-like 
consistency to a gel-like state and 
back to its original form in frac- 
tions of a thousandth of a second. 
All previous versions of electro- 
rheological fluid, however, con- 
tained water molecules that froze 
at low temperatures and boiled 
away at high temperatures, render- 
ing those flu ids impractical for me- 
chanical applications. 

Dr. Filisko's formulation con- 
tains equal parts of electrically 
nonconductive liquid and fine par- 
ticles of a solid — for instance, pe- 
troleum or silicon oil interspersed 
with particles of baking soda, 
glass, or silica gel — but no water. 
Already being used experimen- 
tally by Chrysler in advanced-de- 
sign prototype automobiles, 
"smart fluids" lead to improved 
shock absorbers, clutches, 
brakes, and power steering in cars 
as well as improvements in any 
electrical and mechanical prod- 
ucts that contain hydraulic sys- 
tems. Actually, there are probably 
many future applications that have 
not yet been thought of. R-E 



Where's Your ELECTRONICS Career Headed? 




The Move You Make Today Can Shape Your Future 



Yes it's your move. Whether on a chess board 
or in your career, you should plan each move 
carefully. In electronics, you can move ahead 
faster and further with a 

B. S. DEGREE 

Put professional knowledge and a COLLEGE 
DEGREE in your electronics career. Earn your 
degree through independent study at home, 
with Grantham College of Engineering. No 
commuting to class. Study at your own pace, 
while continuing your present job. 

The accredited Grantham non-traditional 
degree program is intended for mature, fully 
employed workers who want to upgrade their 
careers . . . and who can successfully study 
electronics and supporting subjects through 

INDEPENDENT STUDY, AT HOME 

Free Details Available from: 

Grantham College of Engineering 

10570 Humbolt Street 

Los Alamitos, California 90720 



independent Home Study Can Prepare You 

Study materials, carefully written by the Gran- 
tham staff for independent study at home, are 
supplied by the College, and your technical 
questions related to those materials and the 
lesson tests are promptly answered by the Gran- 
tham teaching staff. 

Recognition and Quality Assurance 

Grantham College of Engineering is accredited 
by the Accrediting Commission of the National 
Home Study Council. 

All lessons and other study materials, as well as com- 
munications between the college and students, are in the 
English language. However, we have students in many 
foreign countries; about 80% of our students live in the 
United States of America. 



Grantham College of Engineering R-989 
10570 Humbolt Street, Los Abmifos, CA 90720 

Pleose mail me your free catalog which explains your 
B.S. Degree independent-study program. 
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Video 
News 



• No 'barriers. Electronics may accomplish 
what politics never could do — the elimination of 
technological barriers to visual commimications 
between nations. In the past, standards 
converters costing hundreds of thousands of 
dollars i^rere used by television networks to 
convert between PAL, SEGAM, and ITTSG 
television standards. In the very near futiire — 
llfce next year — our hom.e VCR's will be able to do 
the job. Both Panasonic and JVC have shown 
video recorders that can convert from any of the 
world's TV standards to any other. N"either 
company has announced a definite price for its 
standard-converting VCR, but both have indicated 
that the VCR's wlH be consumer products. Both 
use digital technology to play tapes recorded in 
any one standard on a TV set of any other. Thus, 
within a year or two, families separated by 
oceans may be able to conununlcate Irrespective 
of arbitrary video standards, 

• More small ones. Just about every 
manufactLLTer is adding new carry-along video 
systems combining LCD color screens with VCR's. 
Sor^ has just introduced its second model — a 
"giant-screen" 4-incher — as a step up from, its 3- 
inch Video Walkman. Both use 8mm VCR's. 
Panasonic has introduced a 3-inch model using a 
Super VHS-C compact cassette mechanism, to be 
followed by a 4-inch with full-size VHS. Sharp, 
which makes the 4- inch LCD used m both the 
Sony and Panasonic models, introduced its own 4- 
inch carry-along with a fall-size VHS recorder 
Hitachi is offering a "laptop VCR" combining a 
VHS Hi-Fi recorder with a 5- inch LCD screen. 
JVC has shown a mini-modular model consisting 
of a tiny camera, a VHS-C deck, a timer, and an 
LCD monitor that can be used in different 
combinations. Snapped together, the deck and 
camera comprise a miniature camcorder, while 
the tuner, deck, and screen make up a portable 
entertainment center. 

Also gettmg smaller are 8mm camcorders. 
Using a compact new transport and a 4-layer 
circuit board, Sony has miniaturized a full-feature 
camcorder to the point where it weighs less than 
two pounds and fits easily in the palm, or even in 
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a coat pocket. Yet it has a 6:1 zoom^ lens and a 
variable-speed shutter. 

• Tlie big game "battae. It woxild be different if 
it were only a game, but this one is for keeps. 
Nintendo, which has been responsible for the 
video-game resurgence and ha^ at least 80% of 
the market, now finds its 8-bit game challenged 
by two more-advanced, 16-bit games. One is from 
its rival, Sega, and the other is a new entry by 
WTEC. Both systems have more sophisticated 
graphics and are capable of playing more 
complex games. While the basic Nmtendo gajne 
lists at about $150 (and sells for somewhat less), 
the two newcomers will have tags of about $S00. 
The HEC game wHl even have a CD- ROM as an 
accessory — ^for an additional $400. The big 
question is whether Nintendo is vulnerable, 
particularly from games whose price takes them 
out of the toy category. Just In case, Nintendo has 
a 16-bit game that it has already introduced in 
Japan but hasn't brought here yet. 

ITintendo has another ace up its sleeve. At 
press time, it was negotiating with ATfifT for a 
service interconnecting its video games with 
phone lines to provide stock-market reports, 
home-shopping services, and other 
communications functions. It already provides 
similar services in Japan, where its video gaone is 
called "Family Computer." 

• laserdisc on the brink? Is the laserdisc 
family poised for a takieofi? It could be, with more 
than a half-dozen companies marketing players 
(most of w^hich can also plgff^ CD's) and an ever- 
increasing number of discs available. Pioneer 
expects to sell 80,000 players ta the second half 
of this year — three times the number it sold in 
the same period in 1988. Pioneer thinks that total 
player sales ui the U.S. this year will be about 
130,000 units, probably double last year's figure. 
Some 500,000 players and 12,000,000 discs were 
sold m Japan last year. Pioneer has doubled the 
capacity of its American disc-pressing plant in 
Carson, CA to 600,000 a month, and Sony is 
beginning to press laserdiscs at its Terre Haute, 
IH, compact-disc plant. R-E 
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When it's new and important in business or personal computing, 

The Computer Book Club' lias the information you need , , . 

at savings of up to 50% off publishers' prices! 
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Membership Benefits * SIg savings, in addition to this introdjctory 
offer, you keep saving substantiaily with members' prices of up to 50% off tfio 
publisiiers' prices. • Bonus Books. Starting immediately, you will be eligible for 
our Bonus Boole Plan, witfi savings of up to 80% oft publishers' prices. • Club 
News Bulletins, H times per year you will receive the Boole Club News, describ- 
ing ail the current selections — mains, alternates, extras — plus bonus offers and 
special sales, with scores o( titles to choose from. • Automatic Order, If you want 
the Main Selection, do nothing and it will be sent to you automatically. If you prefer 
another selection, or no book at all, simply indicate your chotc« on the reply form 
provided. As a member, you agree to purchase at least 3 books within the next 
2 years and may resign at any time thereafter. • Ironclad No-Risk Guarantee. 
If not satisfied with your books, return them within 10 days without obliga- 
tion! • Exceptional Quality, All books are quality publishers' editions especially 
selected by our Editorial Board. 



3En6P $17.BS 
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1B85 THE COMPUTER BOOK CUUB' 
Gtue Ridg* SLtmrn^t, PA 1 7234.0020 
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Blue Ridge Summit, PA 17294'08£0 



Please accept my membership in The Computer Scwh Club'' and send the 5 volumes listed 
below, billing ms ^4.95 plus shipping and handling] charges. If nol satisfied, I may relum the 
books within len days wilhout obligation and have my m^mberstiip cancelled, i agfee to pur- 
Chase a1 least 3 books at regular Club prices [plus shipping^handling) during the next 2 years 
and may resign any lime thereafter. 
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ASK R-E 

Radio-Electronics 
500-B Bi-County Blvd. 
Farmingdale, NY 11735 



640K REJECTION 

I'm the proud owner of an IBM 
XT clone motherboard, but I'm 
having a problem with it. Every- 
thing is fine when I set it up with 
256K of memory, but it will lock up 
whenever I try to put 640K on the 
board. After some extensive trou- 
bleshooting, I've determined that 
the problem is the bipolar PROM 
used to generate bit nine for the 
256K RAM chips. I can't read the 
one I have, and nobody will sell a 
replacement PROM. Any ideas? — 
C. Ellis, Tacoma, Washington 

As a matter of fact, I have three 
ideas. The first is to replace the 
motherboard, the second is to 
replace the PROM, and the third 
is to simulate the action of the 
PROM with some discrete logic. 
Let's take those one at a time. 

The easiest thing to do is just 
replace the motherboard. That's 
what most people would do but 




it would rub me the wrong way to 
toss the motherboard away just 
because one chip is bad — call it a 
matter of principle. Even though 
the cost of an XT motherboard is 
a lot less than the cost of your 
time, the fact that you're writing 
for help indicates that you're also 
amanofprinciple.Sooptionone 
goes out the window. 
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The right way to fix the board is 
to replace the PROM. And even 
though lots of companies in the 
USA are selling Taiwanese XT and 
AT computers, there are rela- 
tively few companies in Taiwan 
that actually etch the boards. 
Most computer companies buy 
the boards, stuff them with com- 
ponents, build them into com- 
puters, and put their name on 
the case. That means that there 
aren't that many different boards 
on the market, so there's a 
chance of finding a replacement 
PROM. 

Every motherboard I've seen 
that can handle 640K uses a 
74S287 256x4 bipolar PROM to 
map in the extra 384K of memory, 
and all the PROM's contain the 
listing in Fig. 1. If you can't burn 
PROM's yourself, check the ad- 
vertisers in the back of this maga- 
zine; several of them have 
PROM-burning services. 

The last alternative is to use 
some logic to generate the 
needed address lines. However, 
before you even think of taking 
on a job like that, you must have 
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START WITH CIE. 

Microprocessor Technology. Satellite Communications. 
RotMtlcs. Wherever you want to go in electronics... 
start first with CIE. 

Why CIE? Because we're the leader in teaching 
electronics through independent study Consider this. 
We teach over 25,000 students from all over the 
United States and in over 70 foreign countries. And 
we've been doing it for over 50 years, helping 
thousands of men and women get started in 
electronics careers. 

We offer flexible training to meet your needs. 
\bu can start at the beginner level or, if you already 
know something about electronics, you may want to 
start at a higher level. But wherever you start, you 
can go as far as you like. You can even earn your 
Associate in Applied Science Degree in Electronics. 

Let us get you started today Just call toll-free 
1-800-321-2155 (In Ohio, 1-800-362-2105) or mail in 
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The CIE Microprocessor Trainer helps you to learn hew circuits with 
microprocessors function in computers. 



the handy reply coupon or card below to: 

Cleveland Institute of Electronics, 

1776 East 17th Street, Cleveland, Ohio 44114, 
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Cleveland Institute of Electronics, Inc. 

1776 East ITlh Street • Cleveland, Ohio 44114 

D Please send your independent study catalog. 

For your convenience, CIE will try to have a representative 

contact you — there is no obligation. 
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an accurate schematic of the 
board. You indicated in your let- 
ter that you were including the 
board schematic, but it never got 
to me so there's really no way I 
can suggest a circuit for you. If 
you send me a copy of the sche- 
matic, I'll take a closer look at the 
problem. 

ALTERNATE DIMMING 
I'm looking for a special-effect 
lighting-control circuit. It has lo 
alternately increase the brightness 
of one bulb while decreasing the 
brightness of another. I'm pres- 
ently using two regular dimmers 
with small motors that physically 
rotate the shafts. Is there some 
easier way to do that elec- 
tronically? — L. Hurst, New Or- 
leans, Louisiana 

From what you described in 
your letter, just about anything 
else would be easier, although 
nothing could be anywhere as 
straightforward. You can do the 
whole thing electronically, but 
the problem has to be broken 
down into a few parts. 

In order to alternately dim and 
brighten a light bulb, a circuit 
has produce a low-frequency 
sine wave or other similar output 
waveform. If you use the sine- 
wave to control a light, as the 
voltage increases and decreases, 
the light bulb will get brighter 
and dimmer, and you'll want to 
be able to adjust the cycle time 
from about 1 to 10 seconds. 

The circuit in Fig. 2 uses a 555 
oscillator, and the potentiometer 
can vary the frequency from ten 
to one hundred Hz. We've multi- 
plied the required frequencies 
by ten because we're using the 
555 clock to control the 4018, 
which is a programmable coun- 
ter set to divide by ten. 

By summingthe outputs of the 
4018, and connecting the Q5 out- 
put to the Data input, the chip 
will produce a rising and falling 
staircase waveform at a frequen- 
cy of one-tenth the 555's clock 
rate. It's a kind of make-believe 
sine wave. There's not enough 
room here to go into a complete 
description of the 4018, but a 
good data book will help you un- 
derstand what the chip is doing. 
The stepped output from the 
4018 looks something like a cross 



between a triangle wave with a f 
flat top, and sine wave with steep . ' 
sides. If you want a better ap- 
proximation, you have to cas- 
cade 4018's to get more steps, 
and add filtering to smooth the 
output. 

Since we're only controlling an 
incandescent bulb, however, the 
waveforms we're getting from 
the circuit are good enough. You 
can add more stages and filtering 
if you want, but first try the cir- 
cuit as shown to see if you really 
need the extra stages. 

The actual control of the bulb 
is being done by a standard light 
dimmer. You can either build the 
one shown or modify a store- 
bought one. Whichever you 
choose, remember that you're 
playing around with the AC line - ' 
voltage, so be careful where you 
stick your fingers. 

The varying voltage from the 
4018 is directly driving the LED 
half of an MOC3010 optocoupler. 
The other half of the op- 
tocoupler is controlling the light 
dimmer's triac. As the 4018's out- 
put voltage increases, the incan- 
descent bulb will get brighter, 
and as the 4018's output voltage 
decreases, the bulb will dim. 

The circuit in Fig. 2 controls 
only one dimmer, but there are 
ways around that. You can invert 
the output of the 4018 and use it 
to drive a second optocoupler 
and dimmer or, if you want to be . 
slick and sneaky about things, 
you can use a single light dimmer 
to do the whole job. 

Remember that when the dim- 
mer's triac turns off the bulb, 
you've got 120 volts across the 
dimmer. That means you can 
hang one bulb on the dimmer 
outputs, and a second one 
across the dimmer itself. That 
way, the brightness of the two 
bulbs will always be exactly out 
of phase with each other. 

If you decide to use one dim- 
mer to control both bulbs, make 
sure that both bulbs have the 
same wattage. The bulb sitting 
across the dimmer will be draw- 
ing its operating current through 
the filament of the first bulb, and 
nothing can cause more trouble 
than using the filament of a 60- 
watt bulb to supply current to a 
500-watt flood light. R-E 




No matter where you go, 
k's new 222 is a perfect fit. 



Introducing Tek's new 222 Digital Oscilloscope, Weighing 
in at under 4.5 pounds, the new Tek 222 is an ultra-portable, 
10-MHz digital storage scope that's perfect for service applications 
So tough, rugged, and totally self-contained, it can go just 
about anywhere. And it's incredibly easy to use — even in 
extreme conditions. 

Extraordinary capability and reliability at 
a great price. The 222 is a dual-cfiannel 
scope that can measure a wide variety 
of electronic instrumentation and 
circuitry It has recfiargeable on- 
board batteries with a floating 
ground to 400 volts, and 
meets tough environmental 
standards. 
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Plus, the 222 lets you pre-define front-panel setups, and call 
them up with a single button in the field. You can also save 
waveforms in the scope's memory then transfer them to a PC for 
analysis and hard-copy output wtien you get back to tfie stiop. 
Best of ail, the 222 is yours for only $2350. And that includes 
Tek's remarkable three-year warranty 
on parts, labor, and CRT 

Get one to go! Pack a fiandfui of 
power witfi you wherever you go. To 
order your 222, or for a free bro- 
chure, contact your local Tek rep- 
resentative or authorized 
distributor. 

In a flurry? Call 
1-800-426-2200. 
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ISDN QUESTIONS... 

First, let me congratulate you. I 

consider Radio-Electronics to rank 

right at the top of publications 

_ available for experimenters. 

You're doing a great job. 

I'd like to comment on the arti- 
cle "ISDN Prototyping Telephone" 
(Radio-Electronics, May and June 
1989), I've been keenly interested 
in ISDN for many months now. In 
my mind, it may portend a revolu- 
tion in the way that information is 
transmitted, affecting the very 
roots of our social, political, and 
educational systems. For those 
reasons, I recently tried to ascer- 
tain the status of ISDN with both 
AT&T and my local carrier, GTE. 
What I discovered was quite dis- 
maying — the corporate giants are, 
once again, mounting a campaign 
of secrecy to maximize their future 
financial gain from a digital phone 
system. 

It seems that some people just 
never learn their lesson. In the 
case of ISDN, AT&T has everything 
to gain, and nothing to lose, from 
public dissemination of the tech- 
nology. Moreover, there is still no 
standardization of the NTTs — yet 
CTE has announced their inten- 
tion to begin widespread market- 
ing in 1991! 

For those reasons 1 was most in- 
terested in the ISDN articles, I was 
somewhat disappointed, however, 
that it did not mention the video- 
data capabilities of ISDN (using ei- 
« ther or both of the 64-Kbit chan- 
z nels), the D-channel potential for 
§ controlling or manipulating the 
J3 signal level, and the structure and 
^ role of the Nil. Does the TE1 re- 
^ place the NT1 in your application? 
5 Can the two 64-Kb channels be 
E combined, usingtheD channel, to 

14 



yield an effective data-rate trans- 
mission of 128-Kb? 
HOWARD BARNES 
Lompoc, CA 

...AND ANSWERS 

I understand your chagrin with 
"Corporate America," but I think 
that we must remember that they 
are in business to make money, 
not to produce engineering mag- 
ic. When the users demand a 
product like ISDN, the vendors 
will respond. In my area. South- 
western Bell is aggressively mar- 
keting ISDN. 

The Mi 1 1 com Prototyping Tele- 
phone does need an NT1 before it 
is connected to an ISDN subscrib- 
er line, like any other TBI. We 
mentioned video capabilities 
twice in the article, but we didn't 
dwell on it. Nor did we go into 
much detail about how an ISDN 
network is engineered. We want- 
ed to provide the readers — -some 
of whom may be unfamiliar with 
the specifics of ISDN and tele- 
phone-company networking — 
with a general overview. There are 
publications that describe ISDN 
and baseband networks in greater 
detail (see Radio-Electronics, Oc- 
tober 1988); we just felt that it was 
beyond the scope of our article. 

William Stallings has written a 
book, ISDN: An Introduction, that 
I'm looking forward to reading. It's 
available from the Small Computer 
Book Club. 

As far as I know, the multiplex- 
ing of the B and D channels is a 
function of the ISDN switching 
equipment and not under user 
control, if I understand your ques- 
tion correctly. Also, in some ISDN 
trials, 1 believe that they are using 
D-channel data to manipulate ana- 



log devices, though that falls out- 
side my area. 

Several publications have de- 
scribed ISDN as a "cult" tech- 
nology. I feel that because users 
have become technology-con- 
scious after mastering the PC and 
LAN's, they don't immediately 
trust anything that's not as easily 
understood. It's our job to explain 
to those users that ISDN is simply a 
problem-solving tool for profes- 
sional communications people to 
use — it's not a religion. 
DOUG TOUSIGNANT 
5f. Peters, MO 

PROPER TERMINOLOGY 

I would appreciateit if your writ- 
ers, especially those with scientific 
and technical backgrounds, would 
stop using the phrase "light-years 
ahead" incorrectly, as in the sen- 
tence: "Windows/386 is light-years 
ahead of Windows/286." 

A light-year is a measure of 
distance (approximately 5.86 x 10^^ 
miles) — not of time! Simply stating 
that one product is years ahead of 
another would convey the mes- 
sage correctly. 

By the way, in the same article 
("Put a 386SX Tiger in Your Tank," 
Radio-Electronics, June 1989), re- 
ducing the number of parts re- 
quired in a standard AT design 
from 100 to 29 is a reduction by 
about Vi and not 'A, as stated. 
BUD DAMYANOVICH 
Utica, Ml 

But, what the author meant to 
say is that it's miles ahead! (You're 
rightabout the Vi!) — Editor 

ASK R-E CORRECTION 

For anyone who is interested in 
the retriggerable monostable cir- 



cuit that was in Fig, 1 of the June 
1989 Ask R-E, take note of this cor- 
rection. The direct connection be- 
tween the transistor's emitter and 
+ V should be removed. Doing so 
will prevent +V from shorting to 
ground when the transistor is 
turned on. — Editor 



TO BE (OR NOT TO BE) 

CONTINUED 

I am commenting on your edi- 
torial style in the hope that you will 
stop using a cheap marketing 
technique in favor of an approach 
that will better serve your readers, 
as well as your own long-term in- 
terests. I am referring to the meth- 
od you use of having a "teaser" 
construction article that runs in 
several parts in subsequent issues. 
As a subscriber, I've had to wait as 
long as two months to get the full 
information on a kit or project. 
When I have to wait that long, I 
generally lose interest. 

If you ever decide to start put- 
ting the whole project in a single 
issue, 1 might start subscribing 
again. I just wish that you'd stop 
revealing your projects a bit at a 
time, like a cheap stripper. 

I realize that this letter could be 
more diplomatic, but the com- 
ments are honest and well intend- 
ed. People do not pay for a 
product alone; they pay for satis- 
faction . As long as you satisfy — not 
tease — they'll pay. 
JAMES GREENBERG 
CarroUton, TX 

We're sorry that you feel as you 
do, but please consider the alter- 
natives. Radio-Electronics would 
have to (1) turn down any man- 
uscript, no matter how interesting 
and well-presented, if it is too long 
to fit in a single issue; (2) print only 
projects that are simple enough to 
fit on three or four pages; or (3) 
print only one or two complex 
construction projects each issue. 
Obviously (1) and (2) are too intel- 
lectually limiting, and (3) would 
greatly reduce each reader's 
chance of finding a project that ap- 
pealed to him. We feel we're offer- 
ing a good compromise. Elec- 
tronics is a complex, challenging, 
and rewarding hobby — even if it 
doesn't always offer immediate 
gratification ! — Editor 



TV-TRANSMITTING LEGALITIES 

The article "Build This Amateur 
TV Transmitter" (Radio-Electronics, 
June and July 1989), was fine tech- 
nically — but I must point out a few 
things about it. 

The title should really tell the 
tale: The only valid use of the de- 
vice is by a licensed Radio Amateur 
(ham) of Technician Class or high- 
er. The article does say that is the 
case with the 2-watt version. How- 
ever, it seems to suggest that if a 
person has such a license he 



would be allowed to use the de- 
vice for the purposes named both 
in the first paragraph of the article 
and/or those listed in the "Lia- 
bility" paragraph on page 46 of the 
June issue. Part 97 of the FCC rules 
governing amateur radio specifi- 
cally limit the nature of transmis- 
sions to non-commercial— in 
other words, not for profit or con- 
sideration of any kind. 

In the article's first paragraph, 
seven possible uses are listed. The 
first, amateur TV transmitting, is 
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You have counted on OPTOELECTRONICS 
Hand Held Frequency Counlers to be the 
best quality, lo be affordable and reliable. 
We have been there (or you with Frequency 
Counlers that are compact and ultra sensitive. 



And more and more of you are counting on 
us, technicians, engineers, law enforcement 
officers, private investigators, two-way radio 
operators, scanner hobbyists, and amateur 
radio operators, just to name a few. 
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legitimate. The second, video in- 
stallations where cable hookups 
are not possible, is only OK for 
non-commercial purposes by a li- 
censed ham. Number three, se- 
curity and industrial work, is defi- 
nitely not allowed. The regulations 
regarding the fourth use, simulta- 
neous viewing of several remote 
TV receivers, are vague, but the 
ham-oniy rules apply, as they do 
for number five, remote sensing. 
The low-power version of the de- 
vice might be useful as a modu- 
lator for a home-type MATV 
system for the sixth use, cable 
transmission — but one must be 
careful not to radiate any signal. 
The seventh suggested use, as a 
wireless VCR link, is another that's 
. absolutely not allowed. 

As for the uses listed in the "Lia- 
bility" paragraph: The ham-only 
rule applies to educational pur- 
poses; for legitimate TV broad- 
casting, even low-powered TV 
stations have a minimum power 
output, and it's not 2 watts; and 
industrial and scientific purposes 
are forbidden. Amateur TV trans- 



mitting is perfectly all right (for li- 
censed hams, of course). 

The article mentions the au- 
thors' February 1986 article about a 
wireless TV link. As I recall, one of 
the following issues contained a 
letter from the FCC reminding Ra- 
dio-Electronics and your readers 
that this type of device is not al- 
lowed under FCC rules. That is still 
the case. Although Part 15 has re- 
cently undergone some changes, 
it specifically precludes the wire- 
less VCR link use. 

I must object to the Parts List for 
offering kits with crystals in the 
430-MHz ham band while not mak- 
ing it clear that not just anyone can 
operate those for any purpose. Do 
you know if the supplier checks to 
see if those who order the kit are 
licensed radio amateurs? Many 
commercial radio dealers that sell 
amateur-radio equipment insist 
that purchasers be licensed. Crys- 
tals for operation on TV channels 
14 and 15 are also offered — that is a 
definite no-no. 

I am a long-time subscriber to 
Radio-Electronics and I really enjoy 



the articles. I believe that the TV- 
transmitter article could encour- 
age many technically oriented 
readers to study and obtain their 
Amateur Radio Licenses, It should 
have been presented in that light, 
JOHN ANTON UK, AL71D 
Rhinelander, Wl 

LESSONS LEARNED 
I built the "Active Antenna" (Ra- 
dio-Electronics, February 1989). It 
didn't work, so I sent it back to the 
author, Rodney Kreuter. He fixed it 
for no charge\ I was very happy 
and surprised. He found that there 
were two poorly soldered joints, 
the FET was in wrong, and the bat- 
tery was intermittent, 
FRED B. KOLCHIN 
Texarkana, TX ' 



We're happy that Mr. Kreuter 
was able to help you. He certainly 
went beyond the call of duty. We 
hope you've learned something 
from the experience — not only 
about Rod Kreuter, but about 
proper soldering and construction 
techniques. — Editor R-E 
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K)DEL ZIZO 

Oscilloscope, 20HHI, 
Dual Trace 

Reel. $S49.Dn SALE Call far 
Quote 

MODEL 154U 

Oscilloscope, *OHHz, 
Dual Trace 

Reg. SSdS.OO SALE tSSB.DD 
FME FREIGHT!! 

NffiEL Z160 

Oscilloscope, eOHHj, Dual- 
Trace, with Delayed Sweep 
Reg. J 1045.00 SALE $836.95 

Mt»EL 5M) 

Programnable In/Out- 

of Circuit IC Tester 

Reg. 13500.00 SALE t2940.95 

FREE AiCSM SOmiMS! ! 

NOOa CF-1 

Clsmp-On AC Current 

Probe 

Reg. SE5.0D SALE $29.95 



FREE CATALOG 
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MODEL 38S-HD 



Test Bench 
• * Reg, J139,00 
SALE J106.95 



INT 



8931 Biookvilie fld 

Silver Spring MDi 2O910 U S A 

(800) 638- 2020 (,T01| se7-7824 

EASY ORDER FAX LINE 
(800) 545-0058 

Complete B & K Line Available, 
"Call for your Price Quotations" 



CABLE -TV 



band -Stop filters 

• FOR ELIMINATION OF SEVERE INTERFERENCE 
• FOR "CENSORING" OF ADULT BROADCASTS 



S-f'^I^Mp 



• ATTENUATION - 45 dB TYPICAL 
BANDWIDTH - 4 MHl AT 5 dB POINTS 
• INSERTION LOSS - 2 dB 



MODEL 


TUNING 
nANGE 


FOR 
CHANNELS 


PASS BAND 


pnice 


shipping; 
handling 


23H 


50-6e MHi 


2,3 lor Sfielef hantj 


50-300 MH I 


S30 


FBEE 


46FM 


GG'lQSt.^Hz 


A 5,E lof anv FMl 


50-300 MH I 


130 


FFee 


1417 


13004^ MHz 


IJI^l l&tBI 16IC> 171D] 


50-400 MHJ 


S20 


FREE 


ISJJ 


M4-17*MH1 


1BIEI I9(F130(G121(H1!I(1| 


50-JOO MHi 


S30 


FR6E 


713 


1T4'216MHc 


7.B,9,10.11.1J.13 


50-400 MH I 


530 


FREE 



3 for $72 - 10 for $180 -mix& match 

Calf Tol! Free For COD. or Send Check To Order 

No Shipping Charges 

I Shipped Within 3 Days • 30 Oay Money Bacl< Suarantee 

FACTORY DtRECT FROM 

P.O.Box 34917 
Las Vegas, NV 89193-4917 

1-SOO-433-G31 8 



CIRCLE 1B6 ON FREE iNFORiUATION CARD 




1. End Blown Fuses . 
The new 200 Series multimeter is 
protected from excess voltage or surges 
with a self-resetting fuse. 

L . Keep Youi' Eyes On Your Work . 
QLiickly probe a circuit board listening 
for audible tone changes that pinpoint 
the problem witliout glancing at 
the LCD, 



bleed-off is heard loud and clear with 
the 200 Series' Audible Readout. 

3. Find Logic Stuck-Ats . 
Using standard leads, a fast Logic 
Pulse Detector lets you easily detect 
pulses down to 50ns. 



and Audible Readout aEow you to 
spend less time fiddling with your 
meter. 



6 



3. 



Detect Intermittents. 



Hear a distinctive crackling sound 
when an intermittent occurs. 



4 



. Fuid Dead Capacitors . 
Capacitor voltage build-up or 




. Adj ust Voltage Levels . 
When adjusting audio or video 
response, an audible tone that changes 
pitch as measured signals increase or 
decrease penults fester and easier 
adjustments. 

7 Sto p Third Hand Problem . 
Tilt stand and Skyhook"' auto- ranging, 



1 FEATURES 


^^^^^^9 


Audible Readout 


■ 


Logic Pulse Detector • 


Fast Ajto-flanging 


• • 


Self-Resetting Fuse 


• • 


Auto-off Battery Saver 


• • 


DC Voltage Accuracy 


0.5% 0.25% 


Warranty 


2 years 2 years 


Price 


$129.00 $149.00 



The 200 Series. Multimeters that 
take the work out of work. CaO 
or write for complete information. 
1-800-227-9781 Inside California. 
1-800-854-2708 Outside California. 



Beckmmn Industrial 

An Affiliate of Emerson Blectric Co. 

Instrximentation Producis Division 

388S Ruffin Road, San Diego, CA 92123-1898 

(619) 495-3200 • FAX (619) 268-0172 • TI.X 249031 

CIRCLE 96 ON FREE INFORMATION CARD 



© 1989 Beckman Industrial Corporation 
Specifications subjecl to change without notice. 
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BUCHSBAUMS COMPLETE HAND- 
BOOK OF PRACTICAL ELECTRONIC 
REFERENCE DATA, THIrd Ed. By 
W.H. Buchsbaum. revised by R.C. Genn. 
Jr. 635 pp., 357 illus. & !ables. Tills best- 
selling reference i; invaluable lor 
engineers whose work involves going 
outside their own area of expertise. Cover- 
age includes digital iogic: optoeiectronics: 
antennas and transmission lines: FtF and 
microwave fundamentats; communica- 
tions sytems: television systems; com- 
puters; radio; recording; and more. 
SaUSO-X Pub. Pr., S34.9S Club Pr. iHM 



PRINTED CIRCUITS HANDBOOK, 
THIrd Edition. SyCF. Coombs. Jr. 960 
pp.. 556 illus Here in one tiandy volume 
is all the information ^ou need to design, 
manufacture, test, and repair printed wir- 
ing hoards and assemblies. This new 
edifion features ten all-new chapters, 
including three on SMT 
126/ D97 Pub. Pr.. $S3.50 Club Pr.. $45.50 




your one source for engineering books 

from over 100 different publishers 

the latest and best information in your field 

discounts of up to 40% off 

publishers' list prices 



3J-BIT MICROPROCESSORS. EdileC 

byH.l Mitchell. 248 pp.. 104 illus. and 
tables. A complete survey of the architec- 
ture, operation, and applications of to- 
day's mosi important nev» devices from 
ATST Inmos. Intel, and Motorola. 
4ZS/85X Piib, Pr., S4S.Sa Club Pr, $35.0D 



MICROWAVE AMPLIFIERS AND OS- 
CILLATORS. By C Gentill. 150 pp. 73 
iilus. A thorough, practical introduction to 
tlie theory and design of microwave ampli- 
fiers and oscillators, with coverage of the 
scattering matrix, the gallium arsenide 
field-effect transistor, and microstrip 
technology. 
223/953 Pub, Pt„ S39.95 Club Pr„ $27.99 



COMMUNICATIONS RECEIVERS; 
principles and Design. Sy uinch L. 
Rohde and TIN Bucher, 608 pp.. 402 
Illus. Everythins you need to Isnow if you 
design or work witti communications 
receivers, from theory to practical design 
approaches. Coverage includes all types 
of receivers; shortwave, broadcast, radar, 
military, marine, aeronaulical, and more. 
53S.7Dt Pub. Pr., SSZ.50 Club Pr., »4.a0 



New Members! 
Take any one of these great 
professiorial 
books . 
for only 
as a prennium witti your 
first selection! 



Spectacular values up to $99b90 



ENGINEERING FUNDAMENTALS 
FOR THE PROFESSIONAL 
ENCINEERS' EXAM. Third Ed. By I. 
M, Poientz. 432pp.. nonius. Features 
worked -out solutions and full explana- 
tions for all sample problems so you can 
learn how to solve them. It's a dependable 
way to prepare for the exam or a perfect 
on-the-job reference. 
51(3/931 Pub. Pr., S39,50 Club Pr.. S27.85 
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ELECTRONICS 
SOURCEBOOK 
FOR TECHNICIANS 
AND ENGINEERS 

592 pp., 800 illus., softbound 335/591 

Tfiis condensed, paperback version 
of the Handbook for Electronics 
Engineering Tectiniclans is the perfect 






on -1 he-job reference for all electron ics 
professionals. From fully worl(ed-out ex- 
amples, explanalions, tables, and graphs 
. . Ihrough iip-lo-date coverage of active 
fillers, microwaves, and fil;3er optics. .. 
to using Ihe full speclrum of technical 
equipment, the SkiurcebOOk is the 
single most convenient professional 
electronics reference available. 


A $24.95 
Value— Yours 
ABSOLUTELY 

FREE 
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AUTOMATIC CONTROL SYSTEMS. 
Fifth Ed. 8/ B C. Kuo TiSpp.. illus. 
Provides an overview of automatic control 
systems, including in-depth coverage of 
classical control techniques, optimal con- 
trol theory, and analog and digital control 
system design nils up-dated edition 
discusses the latest ideas on the use of 
computers to design control systems and 
as components of such systems, 
583706-4 Pub. Pr., JS1.0D Club Pr., $39.95 



OP-AMP HANDBOOK, Second Ed. 

By f. W. Hughes. 320 pp.. 231 illus. 
Organized for on-the-job reference, this 
handbook covers all facets of op-amps. 
from stability and protection to signal 
processing using op-amps. Includes a 
collection of over 60 practical circuits for a 
variety of applications, procedures, and 
experiments. 
583651-3 Pub. Pr., S39.Q0 Club Pr., $27.50 



HANDBOOK FOR SOUND 
ENCiNEESS; The New Audio 
cyclopedia. EdiiedbyH. Ballou. 1247 
pp., over 1.200 illus. Tfiis giant handbook 

gives you truly comprehensive coverage 
o1 sound - and the methods of produc- 
ing, reproducing, conlrolbng, changing, 
reinforcing, and measuring it. 
583J13-X Pub. Pr., $79.95 Club Pr.. !&5.35 



ESSENTIAL CIRCUITS REFERENCE 
GUIDE. By J Markus & C. Weston. 525 

pp.. illus. Collects into one convenient 
volume more than 1,000 ready-to-use 
circuil diagrams tor today's electronics 
applications. Now you can have the circuit 
you need in a mailer of seconds - without 
having to reinvent the wheel. 
404/623 Pub. Pr., S59.50 ClubPr., S4T.50 

CIRCUIT DESIGN FOR ELECTRONIC 
INSTRUMENTATION: Analog and 
Digital Devices from Sensor to 
Display. Second Ed. B/D. Wobschall. 
400 pp. . 365 illus. Brings you the entire 
process of circuit design in a comprehen- 
sive, easy-to-follow format. This new 
edition reflects the latest in IC technology, 
including CMOS and ECL devices. 
71Z/31X Pub. Pr, 149.59 ClubPr, S36.35 



AMEfilCAN ELECTRICIANS' HAND- 
BOOK, Eleventh Ed. 8/ T Croft and 
W. Summers. 1,324 pp. 1.560 iHus. This 
newly updated handbook shows you how 
to select, install, maintain, and operate all 
the latest electrical equipment and wiring. 
It includes the mosI recent code require- 
ments, basic formulas, and a wealth of 
circuit diagrams and illustrations. 
139/320 Pub. Pr., S69.50 Club Pr., $49.50 



nfliCROELECTRONics, Second Ed, 

Sy J. Millman and A. Grabel f.OOf pp., 
646 ittus. Takes you from the tsasics of 
semiconductor properties to an under- 
standing of the operation of solid-state 
devices, and then to more advanced 
topics. Its up-lo-date coverage, real -life 
examples, and practical data make this an 
ideal reference for the working engineer. 
423r30X Pub. Pr., J53.95 Club Pr., $41.50 



ENGINEERING MATHEMATICS 
HANDBOOK, Third Ed, By J. J Tuma. 
512 pp., illus. This best-selling handbook 
gives you the essential mattiematical 
tools-formulas, definitions, theorems, ta- 
bles, and models for computer program- 
ming - that you need for your day-to-day 
engineering calculations. 
654/433 Put). Pr., S49.50 Club Pf., S34.59 



BASIC TELEVISIOrt AND VIDEO SYS- 
TEMS. Fifth Ed. e/ a Grob 592 pp., 
illus. Proviaes the clearest picture of how 
lelevision antt video systems work, and 
what to do when Itiey don't. Covers 
television receivers. VCRs. video cam- 
eras, and cable systems - all in readattie. 
practical detail. 
249/334 Pub. Pr.. $35.95 Club Pr.. $24 .9S 

ANALOG ELECTRONIC CIRCUITS. By 

G. M Glasford. 480 pp.. 350 illus. Gives 
you the detailed information and equa- 
tions you need to create anti anaiyie top 
quality circuit designs or effectively utilize 
lire designs of others, 
5S37GS-4 Pub. Pr.. $55.00 Club Pr., $39.50 



HANDBOOK OF ELECTRONIC NOISE 
MEASUREMENT AND TECH- 
NOLOGY, Second Efl. By C. A. Ver- 
gers 440 pp.. 2!3 Illus. Provides answers 
to all your questions about noise origins, 
causes, effects Also stiows you how to 
predict and measure noise, and how to 
design low-noise circuits. 
5S3947-4 Pub. Pr., S39.95 CIuli Pr.. S29.9S 

SWITCHCEAR AND CONTROL 
HANDBOOK, Second Ed. Edited by 
R. W. Smeaton. 1.056pp. 789 illus. The 
only handbook that treats all aspects of 
switchgear control, including design, ap- 
plications, safety, and maintenance. Up- 
dated to reflect the changes trrougtit about 
tjy the use of computers, solid-state 
devices, and programmable controls. 
584/494 Pub. Pr.. $79.50 Club Pr.. $5S.95 




ANTENNA APPLICATIONS REFER- 
ENCE GUIDE. Edited by R. C. Johnson 
and H. Jasik 496 pp. 368 illus. and 
tables. Covers \he major applications of 
antenna technology lu all areas of commu- 
nications and their design methods. Em- 
phasizes important new applications such 
as earth station, satellite, seeker, aircraft . 
and microwave-relay antennas. 
322/946 Pub. Pr.. $55.95 Club Pr., $42.50 

RADIO HANDBOOK. Twenty-Third 

Ed. Edited by W. I. Otr. 667 pp.. 1.073 
illus. and tables. The latest edition ol the 
most complete, current resource on radio 
technology and its applications. Expert 
contributors show you how to select, de- 
sign, build, lest and operate all 1<inds of 
equipment 
534638-1 Pub. I^.. S29.95 Club Pr., $23.95 

BOB MIDDLETON'S HANDBOOK OF 
ELECTRONIC TIME-SAVERS AND 
SHORTCUTS. By R,G lifliddleton. 378 
pp., illus.. soltbound. Packed with little- 
known tricks of the trade and tirand-rtew 
techniques, this popular handbook makes 
it easier ttian ever to troubleshoot radio, 
TV. audio equipment, CCTV, and more. 
583B65-6 Pub. Pr., $29.95 Club Pr., $22.50 



Here's how the Club vi^orks to 
serve YOU: 



■ IMPORTANT l\FCJRMATIOi\J .. . WE MAKE IT KASV TO GET! 

In our rapidly chaiiHinfi world, those who perform best arc those who are best 
informed. Designed exclu.sivcly fcir Ihe praclLcing engineer, the Eleptronics and 
Control blngineers' Book Clutj provides you ;vith information that is relevajit, 
reliable, and specific enough to nxent your neeck. Each Club bulletin comes your 
way 14-16 limes a year and offers you more than 30 books to choose from — the 
best and newest books from all publishers! 

■ DEPENDABLE SERVICE... WE'RE HERE TO HELP! 

Whelher yon \vanl information about a book or have a que.stion about your 
membership, our qualified staff is here to help. Just call u.s toll-free or write to our 
Customer Service. Wc. also make sui-c you get only the books you ivant. All you do 
is simply tell us your choice on the lleply C'ard and return it to us by the specified 
dati!. tf you want the Main Selection, do nothing — it will be sent to you 
automatically. (A small shipping and handling charge is added lo each shipment.) 

■ CLLBCO^fVENIENCE,..WE DO THE WORK! 

Beyond the benefit of timely information. Club membership offers many other 
benefits. For example, you get a wide choice of books thai cannot be matched by 
any bookstore — anjivhere. And all your books are conveniently delivered righl to 
your doon Vou aJso'get the luvury of 10 full days to decide whelher you want the 
Main Selection. Ifyou should ever receive a Main Selection you don't want because 
the Club bulletin came late, just return it for credit at our expense. 

■ SUBSTAiVTML SAVINGS...AND A BO\US PROGRAM TOO! 

In keeping ivith our goal lo provide you with the best information at the greatest 
possible savings. you will enjoy substantial discounts — up 1040% ! — on every book 
you buy. Plu.s, you're atitomatir^illy eligible for our Bonus Book Plan which allows 
you savings up to 70% at\ a wide selection of books. 

■ EASY MEMBERSHIP TERMS .. .IT'S WORTHWHILE TO BELONG! 

Your only obligalion is tn purchase one more book — at a handsome discount — 
during the ne.\t IZ months, after which you enjoy thebenefitsof membership with 
no further tibiigalion. Either you or the [:lub may cancel membership anjrtime 
(hereafter 




Be sure to 
consider these 
important 
titles as well! 



INTRODOCTIOr^ TO RADAI! SYSTEMS. 

second ed. By M l. Skolmh 

579;B91 Pull.Pr.,IM.95 ClubPr.MZ.SU 

ELECTRONIC TEST EQUIPMENT: Princi- 
ples and Applications. By TJ B/ers 
a95i«l Pub. Pi.. $44.15 ClubPJ, SZS.95 

OPERATIONAL AMPLIFIERS Af^O LINEAR 
INTEGRATED CIRCOITS. Third 63. By fl F 
Coufliilin and F F Driscoll 
SU7M-4 Pub. Pr. , MO.OO Club Pi . Sti.K 

McGRAW-HILt S NATIONAL ELECTRICAL 
CODE HANDBOOK, -|3tn Ed. By J F 

McPsrIlana 

tSls<\TI Pub. Pi,, MS.M Club Pr., i31.!S 

HANDBOOK OF ELECTRONICS CALCOLA- 
TIONS FOR ENGINEERS AND TECHNI- 
CIANS, second Ed. Edited by M Kaulman & 
A. H. SeiJman, 
33S^S1 Pub. Pr., $49.SQ Club Pr . $37 50 

PROBABILITV, SIGNALS. NOISE. By J. 

Dupraz 

1t3'3a9 Pub. Pi.. Hi.t'i Club Pi . S34.9; 

POWER GENERATION CAICULATIONS 

REFERENCE COIDE.ByT Q H|C«B 

laiWl Pub. Pi., $41. SO CMPt, S:7.90 

HUMAN FACTORS REFERENCE GUIDE 
FOR ELECTRONICS AND COMPUTER 
PROFESSIONALS. By W E Woodson 
717 664 Pub Pi. S39.9S Club Pi.. S29.5(l 

REFERENCE DATA FOR ENGINEERS: Ra- 
dio, Electronics, computer, and com- 
municatfons, seventti Ed. frtisti oy E C 
Jordan. 
5t3Big.K Pub. Pi. S69.95 Club Pi.. $49.96 

THE LASER GUIOEBOOK. By J Itecm 

177 '338 Pub Pr, , S55 . 95 Club Pi . S41 50 



FOR FASTER SERVICE IN ENROLLING 
CALL TOLL-FREE 1-800-2-MCGR AW 

_^^^.!VtAILTHlS COUPOW TODAV .^^^_ 
I VIcGravv'HilJ Buok Clubs 

ELectronicsi and Control Engineers* 
Book Club® 

H(I Box 5S2 , 1 ii^htslDVvn, ^fJ <ms2tj-yys9 

Please enroll me uji a n^ieniher and send me the nvo 
books indicated- plus the ELIiCI MOMCS SOUHCf-:- 
m)OK Ft)J\ TECilN'lClAMS AND KNGIMiKRS. 1 am lo 
receive one book For jusl S2.83, the other <t1 ihc? 
disoiunled ^iieiiihers price, pJu.s tocal lux, Siliipphi^;^ 
and handllnj^ chftrgcs. I agree to purchase a minimiim 
(if (Hie additi[}nal liciak during mv fifsl vt^itr cirmem-' 
hership as outlined under the Llub plan described in 
Ihis ad- I understand thai a ,shi]jpinf; and handling 
chaj'ge is added lo all shipmenl.s. 





tour F'Hlit-^ Soiir<:ctMJol 
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DESIGNING DIGITAL CIRCUITS ON PAPER 

is always pretty easy; getting the 
circuits to work in real life is an- 
other story. But when you use the 
right tools for the job, you can at 
least minimize the hassles. The 
XK-220 Digital Trainer from Elenco 
Electronics (150 W. Carpenter Ave- 
nue, Wheeling, IL 60090) is the 
right tool to use for developing 
digital circuits. It provides you 
with many convenient features, 
such as +5-, +12-, and -12-vo!t 
DC power supplies; three clock 
outputs at 1 Hz, 1 kHz, and 100 
kHz; eight LED logic indicators; 
eight data switches; two no- 
bounce logic switches; a 590-pin 
breadboard; and 100-pin function- 
output breadboard. 

The XK-220 is especially good for 
students, because it is available as- 
sembled or as kit, which includes 
everything you need to complete 
the unit, including solder. The 
X/C'-220 should be affordable even 
for people on a budget; the kit 
costs $110.00, and the assembled 
version costs $150.00. 

The XK-220 comes with a well- 
written assembly/operating man- 
ual, with step-by-step assembly in- 
structions to guide you through 
the project. It also thoroughly 



covers testing and troubleshoot- 
ing, and includes a complete sche- 
matic. It goes a long way to ensure 
your getting the trainer to work 
properly. Unfortunately, the man- 
ual makes no mention of what to 
do once you've completed the 
trainer. We think that a couple of 
sample experiments would have 
been appropriate. 

Specifications 

The XK-220 is powered by an AC 
transformer, so there's no need for 
any batteries, and an on/off switch 
is provided on the control panel. 
All of the XK-220's circuitry is con- 
tained on two PC boards, one for 
the power supply and one for the 
rest of the circuitry. Both are silk- 
screened for easy parts place- 
ment. The +S-volt DC power 
supply can provide half an amp, 
and the +12- and -12-volt sup- 
plies can deliver 150 mA — all three 
power supplies are fuse protected. 

Eight single-pole double-throw 
data switches are provided, each 
with one end connected to +5 
and one end connected to 
ground. And while data switches 
are fine for permanently holding a 
line high or low, the problem with 
ordinary switches is that, when 



they are activated, their contacts 
have a tendency to bounce (they 
open and close several times be- 
fore coming to rest). Of course, 
you could never visually see the 
bounce in, say, an LED's output, 
but a high-speed digital circuit ' 
sees each bounce as a separate 
th row of the s wi tch . Th e ref o re , n o- 
bounce circuitry is provided for- 
the two logic switches to provide 
single-pulse inputs for counting 
circuits and the like. The no- 
bounce circuitry is made up of 
NAND gates arranged as flip-flops, 
allowing only the first change at its 
input to appear at its output. 

A555-timer circuit generates the 
three output clock pulses, 1 Hz, 1 
kHz, and 100 kHz. A 60-Hz pulse 
derived from the AC line voltage is 
available as well. All clock pulses 
are 5-vo!t peak-to-peak square 
waves. Eight LED logic indicators 
are provided, so that you can 
monitor the logic state of inputs, 
outputs, and whatever else you 
like. They are set up to turn on 
when their input is over 2.8 volts, 

A 2-pin by 50-pin breadboard 
provides the outputs for each of 
the X/C-220's functions— + 5, +12, 
— 12, the clock, etc; each function 
has 5 connecting pins. A 590-pin 
breadboard is provided for wiring 
your own digital circuits. It will ac- 
commodate up to eight 14-pin IC's 
at once, with plenty of room for 
external components. The sturdy 
steel control panel is completely 
labelled, and housed inside a rug- 
ged plastic case. Space is provided 
for storing the linecord. 

The XK-220 allows you to simply 
"pop" IC's in and out of a circuit, to 
help you quickly develop an un- 
derstanding of how digital circuits 
work, and with the kit you can also 
develop assembly skills as well. 
The Elenco XK-220 Digital Trainer 
kit may just be the perfect project 
for an electrontc's student, but 
anyone involved in electronics 
would find it to be useful. R-E 



WITH CIE, 

THE WORLD 

OF ELECTRONICS 

CAN BE YOUR 

WORLD, TOO. 



Look at the world as it was 20 
years ago and as it is today. 
Now, try to name another field 
that's grown faster in those 20 years 
than electronics. Everywhere you 
loolt You'U find electronics in 
action. In industry, aerospace, 
business, medicine, science, 
government, communications — 
you name it. And as high 
techinology grows, electronics will 
grow. Which means few other 
fields, il any, oiler more career 
opportunities, more job security, 
more room for advancement— il 
you have the right skills, 

SPECIALISTS NEED 
SPECIALIZED TRAINING. 

It stands to reason that you 
learn anything best from a 
specialist, and CIE is the largest 
independent home study school 
specializing exclusively in 
electronics, v/ith a record that 
speaks for itself. According to a 
recent survey, 92% of CIE 
graduates are employed in 
electronics or a closely related 
field. When you're investing your 
time and money, you deserve 
results like that. 

INDEPENDENT STUDY 
BACKED BY PERSONAL 
ATTENTION. 

We believe in independent 
study because it puts you in a 
classroom of one. So you can study 
where and when you want. At your 
pace, no somebody else's. And 
with over 50 years of experience, 
we've developed proven 
programs to give you the support 




such study demands. Programs that 
give you the theory you need 
backed with practical experience 
using some of the most 
sophisticated electronics tools 
available anywhere, including our 
Microprocessor Training 
Laboratory with 4K ol random 
access memory. Of couise, if you 
ever have a question or problem 
our instmctors ore only a phone 
call away. 




START WHERE YOU WANT, 
GO AS FAR AS YOU WANT. 

ClE's broad range of entry, 
intermediate, and advanced level 
courses in a variety of career areas 
gives you many options. Start with 
the Career Course that best suits 
your talents and interests and go as 
far as you want — all the way, if you 
wish, to your Associate in Applied 
Science Degree in Electronics 
Engineering Technology. But 
wherever you start, the time to start 
is now. Simply use the coupon 
below to send for your FREE CIE 
catalog and complete package of 
career information. Or phone us. 
toll-tree, at 1-800-321-2155 (in Ohio, 
1 -800-523-91 09). Don't wait, ask for 
your free catalog now. After all, 
there's a whole world of electronics 
out there waiting for you. 



Clei/eland Institute of Electronics, Inc. 

177B East 1"7ch Street. Clev&lsncJ, nnio 41411.4 

M«mbeTNH5C: 

Acctedlled Member Ncrtlonal Home StUJiy CouncU 



CIE 



Cleveland Institute of Electronics, Inc. 

1V7B Eaac 17t;h Screet. Cleveland, Ohio AAV\A 



ARE-141 



YES*** I want to leam fi-om the specialists in electronics— CIE. 
Please send me my FREE CIE school catalog, including details about 
ClE's Associate Degree program, plus my FREE package of home 
study infonnation. 

Name (print): 

Address: 



Area Code/Phone No.; _ 



State: 

/_ 



Zip:, 



City: 

Age: 

Check box for G.I. BiH bulletin on educational benefits: MAIL 

D Veteran D Active Duty TODAYI 
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EARN YOUR 

B.S.E.E. 
DEGREE 

THROUGH HOME STUDY 

Our New and Highly EHeotive Advanced-Place- 
ment Program for ejfpefienced Electronic Tech- 
nicians Brants Cf edil (or previous Schooling and 
Protessional Experience, and can greatly re- 
duce ihe time required to complete Program and 
reach graduation. No residence schooling re- 
quired for qualified Eiectronic Technicians. 
TTirough this Special Program you can pull all of 
the loose ends of your electronics background 
together and earn your B.S.E.E, Degree Up- 
grade your status and pay to the Engineering 
t_evel. Advance Rapidly! Many finish in 1 2 
months or less- Students and graduates in all 50 
States and throughout the World. Established 
Over 40 Vears! Write for free Descriptive Lit- 
erature. 



COOK'S INSTITUTE 

OF ELECTRONICS ENGINEERING 

g^'WE 4251 CYPRESS DRIVE 
^OfM^E JACKSON, MISSISSIPPI 39Z1 2 
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A miniature function 
generator that's truly 
pocket-sized! 
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ONE OF THE DISADVANTAGES OF HAV- 

ing a well-Stocked test bench is 
that you can't take it with you — on 
a service call, that is. But like other 
electronic gear, test equipment is 
getting smaller all the time. A good 
case in point is the FG-1 function 
generator from Sibex, Inc, (1040 
Harbor Lake Drive, Safety Harbor, 
FL 34695). 

The FC-1 is a handheld function 
generator that is powered by a 9- 
volt alkaline battery. It's certainly 
not a replacement for a bench-top 
generator. But then again, a full- 
sized function generator can't fit 
in your shirt pocket like the FG-^ 
can. 

The fC-7 offers three waveform 
outputs: sine, triangle, and square 
waves. The output frequency is 
variable from 1 Hztol MHz over six 
decade ranges, and a maximum 
distortion of .5% THD is claimed 
by Sibex. 

The entire unit is housed in a 




FIG. 1 



plastic trapezoidal case that mea- 
sures roughly 3.5x2x1 inches. 
The front panel features 4 con- 
trols: a power switch, a sine/ 
square/triangle selector, a range 
switch, and a continuously varia- 
ble control to adjust the output 
frequency within each range. The 
output of the FG'1 is made avail- 
able at two 5-way binding posts at 
the top of the case. The output 
waveforms are 5 volts peak-to- 
peak. 

The heart of the FG-1 is an Exar 
2206 function-generator IC. That, 
coupled with well-designed pack- 
aging, keeps the size to a mini- 
mum. Four internal PC-mounted 
potentiometers are available for 
calibration of the output level, 
symmetry, and distortion. (See 

Fig.D 

The only feature we didn't like 
about the FC-1 was its power 
switch. That miniature toggle 
switch is sure to get turned on 
when the FG-1 is tossed into a tool 
box. A pushbutton switch would 
be better. 

The FG-1 unquestionably 
doesn't offer any new technology, 
and its range of functions is quite 
limited. Yet we were impressed by 
how useful such a simple gener- 
ator could be — especially when it's 
compared to a full-featured gener- 
ator that is sitting behind on a test 
bench when you're out on a ser- 
vice call. The FG-1 also makes 
sense for a student or a hobbyist 
who is unsure of what features are 
really important for the first-time 
function-generator purchase. 
With a suggested retail price of 
$96,95, the FC-1 should find a 
home in a lot of shirt pockets. R-E 
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CONDUCTIVE PEN. 

Planned Products' Circuit 
Works Pen makes applying 
solderable electronic traces 
to most surfaces as easy as 
writing with a normal pen. 
The pen "writes" in a highly 
conductive silver ink, 
providing a low-cost and 
easy means of making sol- 
derable terminations and 
traces for applications such 
as making and repairing PC 
boards, electromagnetic 
shielding, and conductive 
point-to-point traces. 

The Circuit Works Pen 
has a valved tip that allows 
the smooth appiication of 
the liquid-silver conductor. 
The pen tip opens under 
normal writing pressure, 
and the liquid conductor 
flows easily. The spring- 
loaded tip closes to prevent 
drying when not in use. 
Traces as narrow as Md-inch 
can be drawn with the pen, 
which comes filled with 
enough silver conductor to 
make 150 feet of conductive 
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traces. The polymer ink — ■ 
which is many times more 
conductive than solder, 
with resistivity in the 
.03-.05-ohms-sq/mil 
range — dries in minutes at 
room temperature. 

Solderableterminations 
can be made using a 250°F 
cure for 15 to 20 minutes 
after application. Tin, lead, 
or silver solder can be used. 



but should not exceed 350°F 
for more than 5 seconds. 
Hand soldering is possible, 
but not recommended; 
wave soldering is preferred. 
The Circuit Works Pen 
costs $9.95 (plus $1.00 
postage and handling; 
$2.00 outside the US),— 
Planned Products, 21105 San- 
ta Cruz Hwy., Los Gatos, CA 
95030; Tel. 408-353-4251, 



The TeleServicing pack- 
age simplifies the trou- 
bleshooting of obscure or 
difficult signals. It enables 
users to build libraries of 
reference information for 
archival purposes, for docu- 
menting performance 
characteristics of the equip- 
ment being serviced, and 
for comparing known-to- 
be-good waveforms to on- 
site waveforms. 

in its "babysitting" mode, 
the package can be used for 
remote monitoring of 
equipment during normal 
operation in distant, haz- 
ardous, or hard-to-reach 
sites, or for monitoring in- 
termittent failures. 

The TeleServicing Soft- 
ware Package {549-TSS1) re- 
quires a Tektronix 2230 
portable digital storage os- 
cilloscope with RS-232-C in- 
terface; an IBM PC, XT, AT, 
or compatible personal 
computer; and a Hayes- 
compatible modem. It has a 
suggested price of 
$295.00.— Tektronix, P.O. 
Box 1700, Beaverton, OR 
97075; Tel. 1-800-426-2200. 



TELESERVICING SOFTWARE 
PACKAGE. The Tektronix 
TeleServicing Software 
Package incorporates three 
teleservicing functions — 
data communications, data 
management, and wave- 
form graphics. Designed for 
use in field service, remote 
monitoring, and data-log- 
ging applications, the pack- 
age links, via modem, a 
Tektronix 2230 portable 
Digital Storage Oscillo- 
scope (DSC) with an IBM 
PC, XT, AT, or compatible. 

Standard telephone lines 
and an RS-232-C interface 
are used to transfer infor- 
mation between the DSQ 
and a PC, or between two 
DSO's. The package fea- 
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tures windows and pop-up 
menus for easy access to a 
variety of functions. It has a 
phone directory that stores 
20 user-programmable au- 
tomatic-dialing entries. For 
data communications, the 



software can quickly config- 
ure PC communication 
ports, initialize modems, 
and direct data to and from 
the remote digital scope. 
Data management func- 
tions include file capture, 
storage, and retrieval; i.e., 
waveform data can be re- 
trieved from a remote DSC, 
displayed or stored to disk 
on the computer, or trans- 
ferred to a local DSO for ad- 
ditional analysis. By adding 
a compatible graphics card 
to the PC, waveforms can be 
plotted on screen and 
printed either graphically or 
numerically. Users can also 
add titles and descriptions 
to the waveforms for subse- 
quent recall. 



SWEEP/FUNCTION GENER- 
ATOR. B&K-Preclsion's 
Model 3026 sweep/function 
generator is a 0.5-Hz to 5- 
MHz signal source with the 
added versatility of a built-in 
frequency counter. Its fea- 
tures include interna! or ex- 
ternal AM modulation; vari- 
able DC-offset; internal or 
external gated-burst opera- 
tion; three calibrated steps; 
and variable attenuators. 
The multifunction instru- 
ment offers fully variable 
sweep width and rate, and a rn 
sweep-ramp output for os- h 
ctlloscope sync. The sine- ^ 
wave, square-wave, and tri- ro 
angle-wave outputs are n 
available with normal or in- g 
verted polarity selection S 
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and variable duty-cycle con- 
trol. The J026 can also gen- 
erate ramp and pulse sig- 
nals. A separate TTL output 
provides the proper output 
level without set-up adjust- 
ments. The 5-digit LED dis- 
play can be used to indicate 
output frequency or to mea- 
sure external signals to 10 
MHz. Four selectable gating 
times are available in the ex- 
ternal-counter mode. 

The model 3026 sweep/ 
function generator has a 
suggested user price of 
$595.00.— B&K-Precision, 
Maxtec International Corp., 
6470 West Cortland St., Chi- 
cago, IL 60635. 

AC-CURRENT TESTER. The 

Volt Stick from MBD Inter- 
national provides immedi- 
ate, sate, non-intrusive test- 
ing for the presence of 110 to 
480 volts AC. The pocket- 
sized device can distinguish 
between live and neutral 
wires without coming into 
contact with the wire or its 
insulation, and no current 
flow is required. 

The Mp/t5f(cfc— which can 
be used to detect single- 
and three-phase circuitry, 
and return loops — works by 
detecting the E-field created 
by the 60-Hz cycle in alter- 
nating current. When the 
device's plastic tip is within 
V8-inch of the wire insula- 
tion, it will glow bright red 
to indicate the presence of 
110to480voltsAC.lt will not 
glow if no voltage is pres- 
ent. Warm-up and response 
time is instantaneous. 




The tester is about the 
size of a Magic Marker, and 
weighs less than 2 ounces 
including the batteries that 
come with it. It can be used 
to quickly locate breaks in 
cables, defective in-series 
light bulbs, and blown fuses 
inside plugs or fuse boxes. 
It can identify voltage-carry- 
ing cables in junction 
boxes, or faulty switches in- 
line. The device can also be 
used to check circuit break- 
ers, outlets, power tools, 
and appliances. 

The Volt Stick, which car- 
ries a lifetime guarantee, 
has a suggested list price of 
$24.98.— MBD International 
Inc., P.O. Box 870596, 
Dallas, TX 75287-0596. 

DIGITAL MULTIMETER A. W. 

Speny's DM-4000A is an 
economical 3'/2-digit multi- 
meter designed for hob- 
byists as well as engineers 
and technicians. The porta- 
ble unit fits in a shirt pocket, 
and has 150-hour battery 
life. It has overload protec- 
tion and a large, easy-to- 
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read LCD. The DM-4000A of- 
fers 6 functions — including 
DC volts, AC volts, DC 
amps. Ohms, diode check, 
and a continuity buzzer — 
on 19 ranges. 

The DM-40QQA digital 
multimeter has a suggested 
retail price of $44.95.— A.W. 
Sperry Instruments Inc., 245 
Marcus Boulevard, Haup- 
pauge, NY 11788. 

DUAL-BAND RADIO, 

Kenwood's model TM-701A 
FM dual-band amateur ra- 
dio produces 25 watts on 2 
meters and 70 centimeters. 
It has 20 memory channels. 



selectable full-duplex oper- 
ation, and a bright amber 
LCD display. 

The radio provides ex- 
tended frequency coverage 
on 2 meters, receives from 
136-174 MHz, and can be 
modified to pick up MARS 
and CAP. (Permits are re- 
quired for modification in- 
formation.) The TM-701A 
comes with a DTMF/con- 
trol-function microphone. 
Besides the standard DTMF 
for autopatch use, the mi- 
crophone can control call 
channel, VFO, memory re- 
call, and one user-program- 
mable function key, and it 
can be used to change 
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memory channels. The ra- 
dio offers adjustable fre- 
quency step selection of 5, 
10, 12.5, 15, 20, and 25 kHz, 
and multi-mode scanning 
with carrier- or time-oper- 
ated stop. It has dual digital 
VFO's and a built-in CTCSS 
tone encoder. (An optional 
JSU-6 enables tone decod- 
ing.) 

The TM-7mA dual bander 
has a suggested retail price 
of $599.95. — Kenwood 
U.S.A. Corporation, Com- 
munications & Test Equip- 
ment Group, 2201 East 
Dominguez Street, Long 
Beach, CA 90810. 



AUTORANCING DMM. The 

Elenco M-5000 is a hand- 
held, 3H>-digit autoranging 
multimeter that's designed 
for one-hand operation. It 
provides all VOM functions, 
plus Hi-Low ohms, diode 
check, 10-amp AC/DC cur- 
rent ranges, audible con- 
tinuity check, and ViX basic 
accuracy. The device also 
has a data-hold feature to 
manually freeze the display, 
memory to compensate for 
test leads or to make relative 
measurements, and manual 
or autoranging operation. 
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The M-5000 digital multi- 
meter, complete with man- 
ual, test leads, and battery 
has a suggested retail price 
of $69.95.— Elenco Elec- 
tronics, Inc., 150 West Car- 
penter Avenue, Wheeling, 
IL 60090. 

2-IN-1 CAMCORDER LENS. 

Ambico's Auto Flip (model 
V-0365) lens lets you get 
0.6 X wide-angle and 1.5 x 
telephoto shots from your 
camcorder without chang- 
ing lenses. In one setting, 
the Auto Flip creates a shot 
that is approximately 60% 
broader than a camcorder's 
normal wide-angle field of 
view. By pulling out the lens 
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barrel slightly and rotating it 
until the lens is "flipped" 
around in the opposite di- 
rection, it instantaneously 
converts to a 50% longer 
telephoto zoom lens. The 
lens contains four multi- 
coated glass elements. It 
has a 3-inch diameter and is 
1%-inches deep, and weighs 
just 6 ounces. 

The V-0365 Auto-Flip 2- 
in-1 camcorder lens has a 
suggested retail price of 
$109.95.— Ambico, Inc., 50 
Mapie Street, Norwood, NJ 
07648. 



2G 



New 
Lit 



RF DATA MANUAL. 
Motorola's RF Products Data 
Manual (DLW/D) is a 2-vol- 
ume set that has been ex- 
panded to include an addi- 
tional 280 devices and 23 
application notes. Volume 1 
features discrete tran- 
sistors, and Volume 2 in- 




- V 

eludes amplifiers, diodes, 
and application literature. 
The comprehensive refer- 
ence contains a total of 63 
application notes and engi- 
neering bulletins. The RF 
Products Data Manual costs 
$11.60.— Motorola Inc., Lit- 
erature Distribution Center, 
P.O. Box 20924, Phoenix, A2 
85063. 

AMATEUR-RADIO CATA- 
LOG. The 16-page brochure 
from MFI Enterprises fea- 
tures more than 80 amateur- 
radio accessories. Included 
among them are popular 
antenna tuners, the 
MFj-1278 multi-mode data 
controller, the MFj-931 ar- 
tificial RF ground, and sev- 
eral new products. The 
catalog also describes MFJ's 
full -line of keyers, filters, 
packet-radio controllers, 
computer interfaces, dum- 
my loads, ham software, an- 
tenna switches, code-prac- 
tice oscillators, wattmeters, 
clocks, and other useful ac- 
cessories. The MFJ 1989 Cat- 
alog is free upon request. — 



MFJ ENTERPRISES. INC. 
1989 CATALOG 
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MFJ Enterprises Inc., 921 

Louisville Road, Starkville, 
MS 39759; Call toll free 
1-800-647-1800. 

DMM SELECTOR GUIDE. 

Beckman's HD150 Series 
Heavy-Duty Digital Multi- 
meferCtf/c/e describes their 
new line of 316-digit, heavy- 
duty, autoranging DMM's. 
Models HD151, HD152. and 
HD153 are exceptionally 
rugged instruments, and 
each carries a 5-year warran- 
ty against outside con- 



tamination as well as Beck- 
man's 2-year warranty. There 
is no charge for the bro- 
chure. — Beckman Industrial 
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Corporation, Instrumenta- 
tion Products Division, 3883 
Ruffin Road, San Diego, CA 
92123-1898. 



With Just One Pmbe Connection, You Can Conffdentiy Analyze Any 

Waveform To 100 MHz, JO Times Faster, 10 Times More Accurately, 

Absolutely Error Free, Giaranteed — Or Yow Money Backl 
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SC67 Waveform AnafyzBr ™ 
Patented 

$3295 



0^^ 

, ■- -.fZ^r ■■-■ ^-. 

<3 #® 'Si 

-o mm • -m 



3fCTSlOOF=>E 



WCjDIL SCfrl 



There are other digital readout oscilloscopes, but none of 
tliem completely eliminate graticule counting and calculations 
like the SC61 Waveform Analyzer, The innovative, time-saving 
AUTO-TRACKING"* digital readout automatically gives you every 
waveform parameter you need for fast troubleshooting. 

The SC61 Waveform Analyzer is a triple patented high 
performance scope that provides you with a digital LCD read-out of all 
key waveform parameters (DC volts, peak-to-peak volts, and 
frequency) at the push of a button, and all with one probe connection. 



Other time-saving features include exclusive ECLsync circuits 
that allow you to lock quickly onto waveforms up to 100 MHz. Plus. 
with 3000 volts of input protection, you never have to worry about an 
expensive front end repair job. 

Call 1 -800-843-3338 to find out more about what the SC61 
can do for your service business. In Canada call 1-800-851-8866. 

3200 Sencare Drive, SIdux Falls, SD 57107 1QD% American Made 
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Learn to troubleshoot and 
service today's computer 
systems as you build a fully 
XT-compatible micro, 
complete with 512K RAM and 
powerful 20 meg 
hard drive 



Train the NRI Way— and 
Earn Good Money Servicing 
Any Brand of Computer 

Jobs for computer service technicians wil] almost double in the 
next 10 years according to Department of Labor statistics, 
making computer service one of the top 10 growth fields in 
the nation. 

Now you can cash in on this exciting opportunity— 
either as a full-time industry 
technician or in a computer 
service business of your 
own— once you've mastered 
electronics and computers 
the NRI way. 

NRI's practical 
combination of "reason- 
why" theory and hands-on 
building skOls starts you 
with the fundamentals of 
electronics, then guides you 
through more sophisticated 
circuitry all the way up to 
the latest advances in 
computer technology You 
even learn to program in 
BASIC and machine 
language, the essential 
language for trouble- 
shooting and repair. 



Ihun With a Powerful 
XT-Compatible - 

Now With 20 
Meg Hard Drive! 

To give you hands-on 
training with the absolute 
in state-of-the-art computer 




You assemble and test 
your computer's "intelligent" 
Keyboard, install the power 
supply and 5 W " disk drive, 
then interface the high- 
resolution monitor. But 
that's not aL 

Your hands-on training 
continues as you install a 
powerful 20 megabyte hard 
disk drive— today's most- 
wanted computer peripheral— 
now included in your course 
to dramatically increase 



Your NRI computer training includes 
all this: • NRI's unique Discovery 
Lab- forcircuit design and 
diagnosis • NRI's hand-held 
digital muitimeter featuring 
'ialk-you-tti rough" 
instructions on audio 
cassette * Adigital log 
probe that lets you 
visually examine 
computer circuits 
• The new Pacitard 
Bell VX88 computer 
with "intelligent" keytjoard, 
360K double-sided, double- 
density disk drive, 51 2K 
RAM, 16K ROM • 20 megabyte 
hard disk drive • Bundled 
software including MS-DOS, 
GW-BASIC, word processing, 
spreadsheet, and database 
programs • Packard Bell reference 
manuals with programming guidelines 
and schematics. 




throughout your 
^training, you've 
'^ got the full 
support of 
your personal 
NRI instruc- 
tor and the 
NRI technical 
staff, always ready 
to answer your 
questions and help you whenever 
you need it. 



FREE 100-Page 
Catalog Tblls More 



Send today for NRI 's big, 100-page, 
full-color catalog that describes 
every aspect of NRI 's innovative 
computer training, as well as 
hands-on training in robotics, 
video/audio servicing, electronic 
music technology, security 
electronics, data commimications, 
and other growing high-tech career 
fields. If the coupon is missing, 
write to: NRI School of El«;tronics, 
McGraw-Hill Continuing 
Education Center, 4401 Connecticut 
Avenue, NW, Washington, DC 20008. 



School of 
Electronics 




the data storage capacity of your 
computer while giving you l^tning- 
quick data access. Plus you work with 
exclusive word processing, database, 
and spreadsheet software, yours to 
use for your own professional and 
personal applications. 

As you build your computer, 
performing key demonstrations 
and experiments at each stage of 
assembly, you get the confidence- 
building, real-world experience you 
need to work with, troubleshoot, 
and service today's most widely 
used computer systems. 



No Experience Needed, 
NRI Builds It In 



service. You learn at your own 
convenience in your own home. 

No classroom pressures, no 
night school, no need to quit your 
present j ob until you 're ready to 
make your move. And all 



McGraw-Hill Continuing 
Education Center 

4401 Connecticut 

Avenue, NW 
Washington, DC 20008 




This is the kind of practical, hands-on 
experience that makes you uniquely 
prepared to take advantage of 
today's opportunities in computer 



McGniw-HJII Cofilrnuiing Education Center 

4401 ConiKclicul Avenue. NW, Waihm^ton. DC 2D00S 
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NEW TOOLS & TEST INSTRUMENT SUP- 
PLEMENT to the Contact East General Cata- 
log is now available at no charge. It contains 
tiundreds of products for engineers, hob- 
byists, and technicians involved in testing, 
repairing and assembling electronic equip- 
ment. Products include; osciiloscopes, static 
protection products, soldering supplies and 
stations, test equipment, hand tools and tool 
kits shown in f uli color, with prices and specs. 
CONTACT EAST 335 Willow St. So., North 
Andover, MA 01845 (508) 682-2000. 

CIRCLE 55 ON FREE INFORMATION CARD 




CABLE TV CONVERTERS AND DE- 
SCRAMBLERS SB-3 S79.00 TRi-Bi $95.00 
MLD-$85.00 M35B $89.00 JRX-DIC $129,00 
Speciai combos available. We ship COD, 
Quantity discounts. Call for pricing on other 
products. Deaiers wanted. FREE CATALOG. 
We stand behind our products where others 
faii. One year warranty. ACE PRODUCTS, 
P.O. Box 582, Saco, ME 04072 (207) 
967-0726. 
CIRCLE 75 ON FREE INFORMATION CARD 





THE MODEL WTT-20 IS ONLY THE SIZE OF 
A DIME, yet transmits both sides of a tele- 
phone conversation to any FM radio with 
crystal clarity. Telephone line powered - never 
needs a battery! Up to 'A mile range. Adjusta- 
ble from 70-130 MHZ. Complete kit $29.95 
-I- SI ,50 S-f-H. Free Shipping on 2 or more! 
COD add $4. Call or send VISA, MC, MO. 
DECO INDUSTRIES, Box 607, Bedford 
Hills, NY 10507. (914) 232-3878, 

CIRCLE 127 ON FREE INFORMATION CARD 





FREE CATALOG OF HARD-TO-FIND 
TOOLS is packed with more than 2000 
quality items. Your single source for precision 
tools used by electronic technicians, engi- 
neers, instrument mechanics, schools, labo- 
ratories and government agencies. Also 
contains Jensen's line of more than 40 tool 
kits. Send for your free copy today! JENSEN 
TOOLS INC., 7815 46th St„ Phoenix, AZ 
85044. (602) 968-6231. 
CIRCLE 115 ON FREE INFORMATION CARD 



APPLIANCE REPAIR HANDeOOKS-13 

volumes by service experts: easy-to- 
understand diagrams, illustrations. For major 
appliances (air conditioners, refrigerators, 
washers, dryers, microwaves, etc.), elec. 
housewares, personal-care appliances. 
Basics of solid state, setting up shop, test 
instruments, $2.65 to $7,90 each. Free 
brochure APPLIANCE SERVICE, P.O. Box 
789, Lombard, IL 60148. (312) 932-9550. 
CIRCLE 84 ON FREE INFORMATION CARD 




GET YOUR RECHARGE CATALOG 
FREE.., EARN BIG $$ IN YOUR SPARE 

TIME^All supplies and Do-it-Yourself kits 
with complete instructions available. Sup- 
plies cost from $9.95 in qty and you can sell 
recharged toner cartridges for $40.00 to 
$55,00 each. Printers include HP LaserJet 
and Series II, Apple LaserWriter, QMS, etc. 
Canon PC-25 Copier also. CHENESKO 
PRODUCTS, 62 N Coleman Rd., Cen- 
tereach, NY 11720, 516-736-7977, 
800-221-3516, Fax: 516-732-4650 
CIRCLE 179 ON FREE INFORMATION CARD 




SIMPLY SNAP THE WAT-50 MINIATURE FM 
TRANSMITTER on top of a 9v battery and 
hear every sound in an entire house up to 1 
mile away! Adjustable from 70-130 MHZ, Use 
with any FM radio. Complete kit $29.95 -^ 
$1.50S+H.Freeshipplngon2ormore!COD 
add $4. Call or send VISA, MC, MO. DECO 
INDUSTRIES, Box 607, Bedford Hills, NY 
10507.(914)232-3878, 

CIRCLE 127 ON FREE INFORMATION CARD 




CALL NOW 
AND 

RESERVE 
YOUR SPACE 



• 6 X rate $890.00 per each insertion. 

• Fast reader service cycle. 

• Short lead time tor the placement of 
ads. 

• We typeset and layout the ad at no 
additional charge. 

Call 516-293-3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
mIni-ADS, RADIO-ELECTRONICS, 500- 
B Bi-County Blvd., Farmingdale, NY 
11735. 
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SPECTRUM 
MONITOR 



WE HAVE ALL. AT ONE TIME OR ANOTHER. 

needed some of tKe capabilities that a 
spectrum analyzer offers. Unfor- 
tunately, sophisticated analyzers can 
cost more than a new car! So most of 
us have managed to live without the 
benefits that those instruments offer. 
After all, a meter, oscilloscope, fre- 
quency counter, and RF probe can 
actually give quite a bit of information 
about a signal environment. But none 
of those instruments can depict the 
total spectral content clearly and un- 
ambiguously, and give you informa- 
tion on modulation or spurs. 

The solution is the spectrum 
monitor presented here. It doesn't 
have the frequency or amplitude reso- 
lution of a professional version, but it 
costs only around $200, and you'll be 
able to view the 20-600 MHz range 
and compare relative levels. 

The spectrum monitor has two op- 
erating modes; you can use it to either 
visually display an amplitude spec- 
trum on an oscilloscope, or as a re- 
ceiver to help identify FM signals. 

Spectrum analyzer tKeory 

The function of a spectrum ana- 
lyzer is to tune across a controlled 
fi«quency range and display RF am- 
plitude versus frequency on a CRT. 
Frequency increases from left to right 
(the + x-direction), while amplitude 
increases from bottom to top (the -I- y- 
direction). The signal being analyzed 
is applied to the vertical amplifier of 
an oscilloscope, and the horizontal 
amplifier is driven by a linear ramp 
like a triangle or sawtooth. 

The simplest spectrum analyzer re- 
quires an oscilloscope and two sine/ 
square/triangle function generators, 
connected as shown in Fig. 1. The 
oscilloscope time base is set for exter- 
nal sweep, and the scope's horizontal 
input is grounded. The beam is posi- 
tioned at the bottom center of grati- 
cule, which will be the origin. 




FRED BAUMGARTNER 



If V[, the output of the first func- 
tion generator, is a 1-kHz triangle 
wave applied to the FM input of the 
second function generator, and if V, 
is a 10-kHz sine wave, then V, would 
be an FM sinusoid. Varying the fre- 
quency of Vi varies the rate of change 
about the carrier frequency, and vary- 
ing the amplitude of Vj varies the 
deviation from that center firequency, 
or the modulation index. However, 
while the FM waveform is needed to 
generate a spectrum, it isn't the spec- 
trum itself 

If the 1-kHz triangle wave is ap- 



You can build a 

20-600 MHz 

spectrum monitor 



plied to the horizontal oscilloscope 
inputs, the CRT beam will sweep out 
a horizontal line along the x-axis of 
the graticule. Varying the amplitude 
of V, controls the length of the line on 
the oscilloscope screen. By making 
the frequency of V, high enough and 
experimenting with its amplitude, 
you can make the beam occupy the 
whole length of the bottom of the 
graticule, and make its retrace com- 
pletely invisible. 

Now take any audio filter or ampli- 
fier, a piece of stereo equipment, for 
example. If you apply Vt to this filter 
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FIG. 1— BASIC SPECTRUM ANALYZER. The first (unction generator produces a linear 
ramp waveform (either a triangle or a sawtooth) V,. That is applied to the FM input of the 
second function generator to produce an FM sinusoid, Vj, which is applied to the inputs 
of a filter or amplifier. The output, V3, is applied to the vertical amplifier of an oscilloscope, 
the time base of which is set to external sweep. The ramp V^ is applied to the horizontal 
amplifier, and the amplitude spectrum appears on the CRT. 
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ZENITH SX SERIES 1.75^2924 TUNEflffiQSVERTER 
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T220pF 
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r 



RFASC 

0- 10.5V 
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A/BSW 
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FIG. 2— TUNER/CONVERTER BLOCK DIAGRAM. The Zenith SX Series 175-2292A tuner/ 
converter is ttie heart ot the project, it accepts RF signals from about 55-553 MHz and 
downconverts them to a standard 63-MHz con slant- level IF. 



or amplifier, and apply the filter or 
amplifier's output V-, to the os- 
cilloscope's vertical amplifier, you 
should see some smooth continuous 



curve with valleys and plateaus in its 
shape. That is the amplitude frequen- 
cy-response of the filter or amplifier, a 
visual depiction of the amplitude of 



the FM signal coming out as a func- 
tion of frequency. The voltage gain in 
decibels (Ajg) as a function of fre- 
quency is equal to 20 times the 
base- 10 logarithm (iog) of the rafio of 
V3 to V2. Or: 

AdB = 20><log,o(V3/V,). 
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POWER 
SUPPLY 



.+10V(IC1) 
- +5V (IC2) 
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ANT 

V 



+ 10V 
()C1) 
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RG. 3— SPECTRUM MONITOFI BLOCK DIAGRAM. 



Note that A^g is a function of fre- 
quency, not time. That ratio (or the 
log of it) is called the amplitude spec- 
trum of a signal, and is a plot of how a 
filter, amplifier, or any other elec- 
tronic component responds to varia- 
tions in frequency. 

Tuner/converter principles 

The previous example was at audio 
frequencies, while the spectrum 
monitor discussed here works at RF. 
Certain variations in the previous idea 
are necessary to make spectral analy- 
sis practical at such frequencies. An 
RF spectrum analyzer ordinarily uses 
a sawtooth wave rather than a triangle 
wave as the horizontal scanning wave- 
form, siiice that waveshape is easier to 
generate at RF. Also, rather than gen- 
erating an FM sinusoid as the driving 
waveform which generates the spec- 
tral response, most spectrum ana- 
lyzers use a tuned receiver to scan 
over a frequency range. 

The real object behind using a tri- 
angle or sawtooth waveform is that 
their slopes are essentially linear, so 



the resulting FM generation is also. 
The minimum frequency for a tri- 
angular waveform corresponds to the 
negative-most point of each cycle, 
and the maximum frequency to its 
positive-most point. The frequency 
range for a sawtooth waveform goes 
from minimum to maximum during 
its long rise time, with a sharp retrace 
at the end of a cycle . In both cases, the 
duration of each ramp must occupy 
the entire length of the x-axis of the 
CRT graticule. 

The spectrum monitor uses a com- 
mercially available tuner/converter 
normally found in TV's, VCR's, and 
cable converters to down-convert nor- 
mal RF to a standard 63-MHz con- 
stant-level IF, tunable over the desired 
frequency range. As mentioned ear- 
lier, there are two distinct operating 
modes; you can either observe a sig- 
nal in sweep mode regardless of mod- 
ulation type, or you can demodulate 
FM using the internal FM receiver IC. 

There are all sorts of ways to obtain 
tuner/converters from cable convert- 
ers and TV or VCR front ends; the rest 



of the parts are readily available. If 
you use the Zenith tuner discussed 
here, enough information is provided 
regarding its internal circuitry and pi- 
nouts so that you shouldn't have any 
real difficulty. Without proper test 
gear and some reasonable familiarity 
with RF electronics, you shouldn't 
use a different model, 

Tlie spectrum monitor can be made 
to work with a wide variety of tuners, 
including those that use bipolar sup- 
plies or need negative tuning volt- 
ages. The important tuner charac- 
teristic to look for is continuous 
tuning. Many tuners also have band 
switching, like those for TV's and 
VCR's, although they require a switch 
to supply band-change voitages. 
Also, there may be gaps in frequency 
coverage, like between channels 5 
and 6, or between the VHF and UHF 
bands. Cable converters use those 
spaces, so a cable-ready set or cable 
tuner probably won't have that prob- 
lem. However, they may not tune all of 
the UHF band (approximately 
470-850 MHz). Ideally, the tuner 
should reach at least 550 or 600 MHz. 
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HITACHI SCOPES AT DISCOUNT PRICES 




List $560 
Save $141 

20MHz Dual Trace Oscilloscope 

All Hitachi scopes include probes, schematics 
and Hitachi's 3 year guaranty on parts and 
labor. Many accessories available for all 
scopes. 




V-425 

List $995 



$835 



• DC to 40MHz 

• Dual Channel 
•CRT Readout 

Cursor Meas 
DC Offset 
Alt Magnifier 

• Compact Size 




List $1595 ""5^^ 



• DC to 100MHz 

• Dual Cfiannel 

• Delayed Sweep 

• CRT Readout 

• Sweep Time 

• Autoranging 
■ Trigger Lock 

• 2mV Sensitivity 



V-223 20MHz D.T.. ImV sens, Delayed Sweep. DC Of tsel. Vert Mode TrigflBf 

V-422 40MHJ D.T.. ImV sens, DCOrfsel Vert Mode Trigger, Ait Mag 

V-«3 *OMHj O.T,. ImV sens. Delayed Sweep. DCOftsel. Att Mag 

V-660 60MHI O.T.. 2mV sens, Delasfed Sweep. CRT Readout 

V-1[)S5 IOOMHj D.T., 2iiiV sens. Delayed Sweep. CRT Fteadoul, Cursor Meas 

V-1 100A lOOMHi Q.T., tmV sens. Delayed Sweep, CRT Readout, DVM, Counter 

V'llSO ISOMHz Q.T„ ImV sens. Delayed Sweep, Cursor Meas. DVM. Counter 



LIST PRICE SAVE 

S770 $695 $75 

J875 $725 SI SO 

$955 $82S $130 

$1,195 $1,025 SI 70 

$1,895 $1,670 $225 

$2,295 S2,045 $250 

$3,100 $2,565 $535 



ELENCO PRODUCTS AT DISCOUNT PRICES 



20MHz Dual Trace Oscilloscope 

$359 

IVIO-1251 

• 6" CRT 

• Built In 
component tester 




SCOPE PROBES 

P-1 65MHz. 1x, lOx $19.95 
P-Z100MHz.1x,10x $23.95 
Fits all scopes with 
BNC connector 



35MHz Dual Trace Good to 50MHz 



• TV Sync 
X-Y Operation 
Top quality scopes at a very reasonable price. Contains all desired featyres. Two 1x, lOx probes, diagrams and manual. Two year guarantee 




$495 

MO-1252 






• High luminance 6 "CRT 

• ImV Sensitivity 

• 6KV Acceleration Voltage 

• 10ns Rise Time 

• X-Y Operation ♦ Z Axis 

• Delayed Triggering Sweep 



Autoranging DMM 
M-5000 
$45 

9 Functions 
Memory and 
Data hold 
Vi% Dasic aco 

3» digit LCD 




P 



True RMS 4Wi 
Digit Multimeter 

$135 "■'" 

.05% DC Accuracy 
.1% Resistance 
with Freq. Counter 
and deluxe case 



nfSfk 




Multimeter wilh 
Capacitance and 
Transistor Tester 

$55 CM-1S0Q 

Reads Volts, Ohms, 
Current, Capacitors, 
Transistors and 
Diodes with case 



Digital Capacitartce Meter 
CM-1550 
$58.95 

9 Ranges 
.1pf.20,000ufd 
.5% basic accy 
Zero control 
with case 




Digital LCR Meter 
LC-1801 

$125 



Measures 
^^1,^ Coils luH'£0OH 
**• ^^PS ,lpf'200ur 
? • • ■ Dt-fi ni-'jfiM 



AC Clamp-On 
Current Adapter 



Bench DMIVIS 



i 



ST-2es 
$22 

O-IOOOA AC 
Works with 
most DMM 




M-3500 M-4500 

3% digit $125 41,*; digil $175 
.1% accy .05% accy 



SOLDERING STATION 
TEMPERATURE CONTROLLED 
SL-30 
$135 

Digital display 
Temp range: 
300F-900F 
Grounded tip 
Overheat prot 



Wide Band Signa 



Generators 
SG-9000 $129 

RF Freq 100K-450t^H2 
AM Modulation of IKHz 
Variable RF output 



SQ'SSOO with Digital Display 

and 1S0MHZ built-in Freq Ctr S249 







Solderless Breadboards 



9430 

1.100 pinsS15 

9434 

2.170 pins $25 

2,8S0pins»a3 
AM have color 
coded posts 



^m 



Vh Digit Prolie Type DMM 




Convenient one tiand operation wilh batteries 
Measures OCV. ACV, Ohms and case 

Audible continuity ctieck, Data tiold 



SHOWN 



Low Cost Multimeter 

^ M-160(J 

$25 

3'A digit LCD 
1 % DC Accy 
10A Scale 
iiiti Auto zero 
/polarity 



□ 



Function Gsnerstor 

- I Blox 



*i* 



#9600 
";528.95 



^^m 



Decade Blox 

9610 or 

9620 
$18.95 



Provides sine.tn.squ wave 
From IKz 10 1MHz 
AM or FM capability 



#9610 Resistor aiox 
47orim lo IM & 100K pot 
#9620 Capacitor Blox 
47pl 10 mUFD 



Digital Triple Power Supply XP-765 

$249 



Quad Power Supply 






XP-58Q 

$59.95 



&St 



0-20V at 1A 
0-20V at 1A 
5V at 5A 

Fully Regulated, Short circuit protected wilh 
2 Limit Coni., 3 Separate suoplies 

XP-660 with Analog Maters $175 




10IVIHzXT100% 
5 Year 
Warranty 



IBM® Compatible 

$595 

MODEL 
PC- 1000 



Fully regulated and 
stlort circuit protected 

XP-575 without metsrs $39.95 



Four-Fu nctio n Frequency Counters 

F-1000 1.2GH 
$259 

I IMIIIIlllflUmjM F-IOO 120MH 

r— -7 SI 79 

Frequency, Periorl, Totalize, * i i a 

Self Ctieck with Higti Stabilized Crystal Oven 
Oscillator, 8 digit LED display 




GP-8016 Function Generator 
with Freq. Counter 

$239 

fSlne, Square. Triangle 
Pulse, Ramp, .2 to 2MHz 
Freq Counter .1 - IGMHz 

GF-8015 Without Freq. Meter (179 





• S/IDMHz Motherboard 
■8 Enpansion Slots 

• Matt^ Compressor Slots 
•360K Floppy Drive 
•AT style Keyboard 



• 150W Power Supply 

• 256K RAM 
Expandable lo 640K 

•Monochrome Monitor 
•Monograptiic Video Card 
■ Pareilfll Primer Port 



FREE spreadsheet and word processor 
3.XXMS DOS and GW Basic add $75 



WE WILL NOT BE UNDERSOLD! C & ^ S AT FS INC 1^ ^^V Money Bacl( Guarantee 

UPS Shipping: US 5% ^^gm 1245 Rosewo^dfo^rfieM, IL 6001S 2 Year Warranty 

($10 Max) IL Res., 7% Tax Pf^j^g (800) 292-7711 (312) 541-0710 WRITE FOR FREE CATALOG 



CIRCLE 109 ON FREE INFORMATION CARD 
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SELECT 5 BOOKS 

for only $4^ 



(values to $144.70) 
and get a FREE Gift! 
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Build Your Electronics Skills— Join Now! 



An Absolutely No-Risk Guarantee. 




Membership Benefits * Big Savings, in ad 

dition to this introductory offer, you keep saving sub- 
stantially witti members' prices of up to 50% off the 
publisfiers' price. • Bonus Books, Starting immedi- 
ately, you will be eligible for our Bonus Book Plan, with 
savings of up to 80% off publishers' prices. • Club 
News Bulletins. 14 times per year you will receive the 
Book Club News, describing all ttie current 
selections— mains, alternates, extras— plus bonus 
offers and special sates, with hundreds of titles to 
choose from. • Automatic Order. If you want the 
Main Selection, do nothing and it will be sent to you 
automatically. If you prefer another selection, or no 
book at all, simply indicate your choice on the reply fonn 
provided. As a member, you agree to purchase at least 
3 books within the next 12 months and may resign at 
any time thereafter. • Ironclad No-Risk Guarantee. 
It not satisfied with your books, return them within 10 
days without obligation! • Exceptional Quality. All 
books are quality publishers' editions especially 
selected by our Editorial Board. 




i M- Electrq^jcs Ba□^^ Ci. jb' 

Blue Ridge Summit, PA 17294-0810 

Please accept my membership in the Eleclronics Book Club"^ and send the 5 volumes lisled 
below, plus my FREE copy of Dellon T. Horn's All-Tims Favorite Becuonic Projects [3105P), 
billing me S4.9S pius shipping and handling chargss. II nol satisfied, I may return Ihe books 
WFthtin ten days without obligation and have my iTiemberstilp canceled. I agree to purchase al 
least 3 boolhS at regular Club prices {plus shipping and handling) during the next 12 months 
and may resign any lime thereafter. 



Name 
Address 
City 



State/Zip 
Signature . 



Ptione 



Valid for new members only. Foreign applicants will receive special ordering instructions. Canada 
must remit in U.S. currency. This order subject to acceptance by the Electronics Book Club^ 
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PARTS DST 



All resistors are y4-watt, 5%, un- 
less otherwise indicated. 

B1, R6, R17. R24. R26. R28. R30, 

R37,R3&— 1,000 Ohms 
R2— 2 ohms 
R3, R21— 220.000 ohms 
R4 — 5600 ohms 
R5— 4.7 ohms 
R7, R33— 22,000 ohms 
R8~82.000 Ohms 
R9, R10— 8200 Ohms 
R11— 330 Ohms 
R12-S1— cabinet-mounted 10,000- 

ohm potentiometer with SPST 

switch 
R13, R15, R19, R27. R31, R34— 

10,000 Ohms 
R14— 10 ohms 
R16— 33ohms 
, R18— cabinet-mounted 100. 000- 
"I — ohm 10-tum potentiometer 
' R20-S2— cabinet-mounted 10,000- 

ohm potentiometer with SPOT 

switch 
R22 — 1 megohm 
R23— 330 ohms 
R25, R32— 5000-ohm PC-board 

potentiometer 
R29, R36— 4700 ohms 
R3&~150.000 ohms 
Capacitors 
C1,C2— 3300 jiF, 35 volts, 

electrolytic 
C3, C1 1 , C19, C28— 0.01 [t-f. 25 volts, 

ceramic disc 
C4-C6, C8-C10~3.3 p.F, 25 volts, 

electrolytic 
C7— 0.0022 M-F, 25 voits, ceramic 

disc 
C12, CI 7. C21, C29, 030, C32— 

0,1 ^.F, 25 volts, ceramic disc 
CI 3— 47 ^xf, 25 volts, electrolytic 
C14, CIS, C24— 0.0033 \iF, 25 volts, 

ceramic disc 
01 &— 1 00 pR 25 volts, ceramic disc 
018— 0.022 jiF, 25 volts, ceramic 

disc 
C20 — 180 pF, 25 volts, ceramic disc 
C22, 025—330 pF, 25 volts, ceramic 

disc 
C23— 220 pF, 25 volts, ceramic disc 
C26— 7-70-pF PC-board trimmer 

capacitor 



C27, 038—33 jiF, 16 volts, 
electrolytic 

031—3.3 |xF, 50 volts, electrolytic 

033— 0.001 M.R 25 volts, ceramic 
disc 

C34 — 10 (xF, 50 volts, nonpolarized 
electrolytic 

035— 10 ixF, 25 volt, electrolytic 

036—0.033 (i.F, 25 volts, ceramic 
disc 

037—0.047 ixf. 25 volts, ceramic 
disc 

039 — 0.1 M-F polystyrene 

040—0.01 ^F polystyrene 

041—220 pF ceramic disc 

Inductors 

LI— 12 turns, '/s-inch, No. 26 enamel 
wire 

L2— 8 turns, ys-inch, No. 26 enamel 
wire 

L3— 1.2-^iH RF choke " 

Transformers 

T1— RODOO Class 2 power trans- 
former. Model DV-1260, 120-volts 
AO/12-volts AO, 60-H2, Digi-Key 
catalog number T201-ND 

12 — 3:1 toroidal auto-transformer 
using No. 26 enameled wire on a 
toroidal core (Mouser Electronics 
542-T68-2), with eight turns for the 
primary and 24 turns for the sec- 
ondary (see text) 

Semiconductors 

D1, D2— 1N4004 silicon diode 

D3, D4, D6, D9, D10— 1N414S 
germanium diode 

D5— 1N5253B 25-volt Zener diode 

D7, D8— 1N5226B 3.3-volt Zener 
diode 

D11 — combination red/green LED 
(Mouser Electronics IV1E351-261) 

Q1— 2N2222 NPN transistor 

IC1, IC3— 7810 10-volt DO regulator 

IC2— 7805 5-volt DC regulator 

104- LM386 audio amplifier 

105 — 555 timer 

106— Signetics TDA7000 FM 
receiver (Radio Shack 276-1304) 

IC7— NE5514 quad op-amp 

Modules 

M0DULE1 — multipurpose cable TV/ 
VCR tuner/converter (Motorola SX 
Series 175-2292A) 




Other components 

PLI^miniature monophonic plug 

PL2 — RCA-type monophonic plug 
connecting to braided-shield coax- 
ial cable 

PL4-ANT — folding monopole anten- 
na with BNC plug (optional) 

PL5— 2-socket PC-board-mounted 
SIP version, not a separate item, 
attached to the tuner (M0DULE1), 
intended for ab switch (unused) 

PL6 — 6-socket PC-board-mounted 1 
SIP version, not a separate item, ' 
attached to the tuner (MOD U LEI), 
used for the majority of the tuner 
pinouts 

J1 — miniature monophonic jack 

J2— RCA-type monophonic jack, not 
a separate item, built into cabinet of 
the tuner (M0DULE1), used for if 

OUT 

J3, J4— BNC jack 

J5 — "F"-type jack, not a separate 
item, built into cabinet of the tuner 
(M0DULE1), used for IF OUT (63 
MHz) 

J7 — RCA-type monophonic jack, not 
a separate item, buitt into cabinet of 
the tuner (MODULE1), used for 

PflESCALE OUT 

J8 — 6-pin PC-board-mounted Sin- 
gle-Mline Package (SIP) jack 

PL3-J6 — adapter with "F"-type plug 
and BNC jack (optional) 

SPKR— 8-ohm loudspeaker, 2- x 2- 
inch 

Miscellaneous: Cabinet (minimum 
sizes- X 4.5- y- 2.5-inches), large 
knob (for R18), small knob (for R25 
and f^32}, four 1-inch standoffs, 
LED bezel, wire, solder, etc. 
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NOTE: The following is available 
from FM Broadcast Services, 
3825 South Olathe Street, Au- 
rora, CO, 80013: A complete 
spectrum monitor kit with all 
parts, PC board, hardware, 
tuner, cabinet, transformer and 
postage for $187.00. The PC 
board alone is $12.00. 
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Third, you'll want a usable output 
IF. TV Channel 3 (63 MHz) is popu- 
lar, but Channel 4 (69 MHz) is suit- 
able and within the range of the 
project. Also, you'll want relatively 
stable gain characteristics and few im- 
ages or spurs. 

Some adjustment of the spectrum 
monitor may be necessary for use 
with your tuner. /Automatic Gain Con- 
trol (AGC) voltages can be brought 
out to a front panel control to set RF 



gain , or tied to a voltage representing 
full gain. Measuring the local os- 
cillator output with a frequency coun- 
ter will enable you to calculate the 
center frequency. 

Zenith SX tuner/converter 

The Zenith SX series tuner/con- 
verter (part number 175 -2292 A) used 
in the prototype is representative of a 
suitable tuner; a block diagram is 
shown in Fig. 2. It can be bought with 



the kit described in the Parts List, or 
directly from Zenith Corp. It contains 
both up- and down-converter sec- 
tions, and fits into a4. 25- X 2.78- X 
1.05-inch aluminum shell with one 
"F"-type and two RCA-type Jacks, 

The "F"-typejack (J5) is the rfin, 
with a frequency range of 
55.25-553,25 MHz. One RCA-type 
jack (J2) is the 63-MHz ifout, and the 
second (J7) is the prgscalh output, 
confinued on page 64 
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LOW 

FREQUENCY 

TRANSMITTER 

Here's how to join the "lowfers" 
on the no-license-required 
1750-meter band. 

RICHARD A. NELSON 

RECENT DBVKLOPMENIS IN SOLID-STATE TECHNOLOGY 

have pushed the high end of the usable RF spectrum well 
into the millimeter-wavelength region. Simply because 
there is so much emphasis on the very-short wavelengths, 
an electronics hobbyist might easily assume that there is 
little interest at the LF (Low Frequency) end of the RF 
spectrum. However, the truth of the matter is that the 
frequencies below the AM broadcast band — what is called 
"the basement of radio" — aren't deserted at all. In fact, 
the low frequencies are heavily populated, and they are 
wide open to hobbyist experimentation because the FCC 
has authorized unlicensed operation in the f60-!90 kHz 
portion of the band. The only restrictions are that the 
antenna — including the feedline — must not exceed fifty 
feet, and that the power input to the transmitter's final 
amplifier must not exceed 1-watt. 

Unlike the millimeter-wavelength bands where circuits 
take the form of critically-etched striplines on expensive 
substrates, often using high cost and hard-to-handlc sur- 
face-mounted components, LF construction is simple even 
for a beginner. No delicate GaAsFET's are needed, audio 
transistors are adequate, and only normal audio-wiring 
techniques are required. If you can solder, you can build an 
LF Morse-code transmitter that will work right the first 
time! 

How it works 

Designing a 1-watt transmitter for i80 kHz is very 
straightforward. A few inexpensive FET's or transistors 
are ail that are needed. Unfortunately, the price of the 
frequency-determining crystal is about $20, which is 
somewhat on the high side for experimentation. 

But crystals for 1.8-1.9 MHz (the 160-meter band) can 
be found at hamfests and surplus dealers for almost pocket 
change, and almost as common as those surplus crystals 
are inexpensive 1.8432 MHz microprocessor-clock crys- 
tals. Even though those crystals will oscillate at ten times 
the desired 185 kHz transmit frequency, by dividing down 
with a simple CMOS divider, inexpensive 160- meter crys- 
tals can easily be used to generate a 1750-meter signal, 

Tlie complete transmitter circuit — including the anten- 
na tuning network — ^is shown in Fig. 1. The crystal os- 
cillator, which uses two sections of ICl. a 4001 quad 2- 
input NOR gate, is a standard and reliable design. The 
oscillator's 1.85-MHz squarewave output feeds IC2, a 
4017 divide-by- 10 counter. The count enable and reset 
terminals, pins 13 and 15, are normally held high by 
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FIG. 1— THE HEART OF THE TRANSMITTER is the oscillator section, which actually 
divides the crystal frequency by a factor of f 0. 



resistor R3, and the counter is acti- 
vated by bringing those pins low by 
closing telegraph key SI — an ar- 
rangement that guarantees that the 
final state of IC2 pin 12 is always high. 
The high on IC2 pin 12 is inverted by a 
third section of the 4001, ICl-c, to 
prevent DC current flow through 
power-amplifier Ql during key-up pe- 
riods. 

Because it requires a low drive cur- 
rent, a VMOS transistor is used for 
the power amplifier. While the device 
is available from several manufac- 
turers, note that the pinout isn't stan- 
dardized, and devices having similar 
characteristics may not be directly in- 
terchangeable. The PC layout pro- 
vided is for for an IRF51 1 . 

To ensure maximum stability and 
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thereby prevent any trace of chirp 
caused by keying, the oscillator cir- 
cuit is powered by a three-tenninal 
voltage regulator (IC3). Power ampli- 
fier Ql is powered by the same source 
that feeds the voltage regulator. The 
main power source, TI, Dl, D2, etc., 
is external to the transmitter and can 
be assembled any way that you want. 
Although a transformer with a 12.6 
volt secondary is specified in the Parts 
List, anything can be used that will 
result in 12-18-voits DC at 500 mA. 

Building the oscillator 

Wiring techniques aren't critical at 
185 kHz and virtually any con- 
struction technique can be used; but 
to reduce the chance of wiring errors 
and assure repeatable results, a 




FIG. 2— The PC BOARD'S PARTS PLACEMENT, Coils LI and L2, and C6 for an external 
antenna tuner. 



printed-circuit assembly is suggested, 
for which a foil pattern is provided in 
PC Service. 

Pans placement and external con- 
nections to the PC board are shown in 
Fig, 2. Coils LI and L2, and variable- 
capacitor C6 comprise an antenna- 
tuning network that is external to the 
oscillator circuit. Note, in particular, 
that an earth ground is shown for both 
the antenna- tuning network and the 
oscillator. While you can use a com- 
mon ground for the circuit, that cir- 
cuit must eventually connect to an 
earth ground because an earth con- 
nection is extremely important for 
propagation of the low frequencies. 

Getting it all together 

The prototype transmitter is shown 
in Rg. 3. It is actually assembled on a 
piece of 12 x !6-inch particle board. 
Since the transmitter will be mounted 
outdoors, several coats of paint are 
applied to the board to prevent decay, 
and a wood cover is installed over the 
board during severe weather. Coils LI 
and L2, and capacitor C6, are 
mounted directly on the board. The 
remainder of the circuit — the os- 
cillator — is mounted inside a 5'/4 X 3 
X 2t4i-inch aluminum cabinet. The 
power supply and key connections are 
brought in via the connector on the 
front of the aluminum cabinet. 

Since any feedline is considered to 
be part of the antenna, it is convenient 
to install the transmitter at the base of 
the antenna, as shown in Fig. 4. The 
only maintenance it will require is to 
occasionally brush spider webs from 
the tuning capacitor. 
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Antenna and matching network 

A resonant '/4- wavelength vertical 
antenna is approximately 1250-feet 
higii at 185 kHz. Obviously, that's a 
shade too long for the average back- 
yard so it must be shortened. But as an 
antenna is shoilened its radiation re- 
sistance (Rrad) decreases and the 
feedpoint becomes capacitively reac- 
tive. At a height of 50 feet, Rr^d has 
decreased to approximately .04 ohm, 
with about 7000 ohms of capacitive 
reactance (depending on the diameter 
of the radiating conductor). Looking 
at the formula for antenna efficiency: 



EFFICIENCY 



'RAD 



/{Rf 



+ R, 



LOSS J 



it is obvious that with a very short 
antenna (less than ^^lo wavelength) 
even a fraction of an ohm of loss resis- 
tance can tremendously reduce the ra- 
diated power. 

Significant resistive losses will oc- 
cur in two portions of the transmitter/ 
antenna circuit: the ground system 
and the matching network's tank coil. 
The matching network is necessary to 
transform the high feedpoint imped- 
ance (consisfing of a large capacitive- 
reaclance component and a small re- 
sistive component) to the approxi- 
mately 100-ohm output impedance of 
final-amplifier Ql. One might be 
tempted to eliminate tuning-network 
losses by eliminating the tuning net- 
work, but attempting to drive the an- 
tenna directly from power- amplifier 



Ql will result in a tremendous mis- 
match, and essentially zero radiated 
power. The matching network also re- 
duces harmonics from the transmitter; 
without it, the harmonic-rich square- 
wave signal could radiate overtones of 
the 185-kHz fundamental frequency. 

The resistance of tank-coil LI will 
be the primai^ .source of match ing- 
network loss. Losses are decreased by 
using larger-diameter wire for LI . 
Copper tubing would be ideal, but to 
obtain adequate reactance at 185 kHz, 
such a coil would be very large; the 
tank coil is therefore a compromise 
between efficiency and size. Because 
of the much higher circuit resistance, 
losses in coup ling- link L2 are negligi- 
ble and the size of the wire used for L2 
isn't of great importance. 

Coil LI is close-wound from #16 
enameled magnet wire on a 16-inch 
length of y/i" outside diameter PVC 
water pipe. A total of 200 turns are 
wound, covering slightly more than 
10 inches of the fonn . The measured 
inductance of the tank coil is 0.86 
mH, which gives an inductive reac- 
tance of about 1000 ohms. The coil 
form is attached to the chassis by a 
pair of 5" standoffs cut from a piece of 
broom handle. They help keep the 
magnetic field isolated from the lossy 
ground surface. 

Tuning capacitor C6 is a dual-sec- 
tion broadcast-band variable unit hav- 
ing a measured range of 35-900 pF 
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FIG. 3— THE TRANSMITTER IS ASSEMBLED on a breadboard. Note how the small link 
coil, L2, slides over the larger coil, L1. 



PARTS LIST 



Ail resistors V^-watt, 5%. 

R1 — 10 megohms 

R2— 15,000 ohms 

R3, R4, R5— 1000 ohms 

Capacitors 

Cl— 5-pF, ceramic disc 

C2— -6-50 pF, trimmer 

C3— 22 M.F, 25 voits. electrolytic 

C4, C5 — 0.1 (xF, ceramic disc 

C6 — Dual-section air-\rartable capac- 
itor, 18-450 pF per section, see text 

C7— .01 ^F, ceramic disc 

C8-^70 jiF, 25 volts, electrolytic 

Semiconductors 

IC1— CD4001, quad 2-input NO 
gate 

IC2— CD4017. divided-by-10 counter 

IC3— 7808, 8-volt regulator 

Ql— tRF511 or IRFZ10 power FET 

D1, D2— 1N4002, silicon rectifier 

Other Components 

PL1' — Control cable connector, any 
type 

PL2— AC powerline plug 

S1 — ^Telegraph key 

T1 -1 2.6 volts, 500 Ma, center-tapped 

XTAL1— 1.6 MHz to 1.9 MHz crystal 

Miscellaneous: 5Vi x 3 x 2'/b inch 
aluminum enclosure, 3" PVC pipe 
(16 inches required), #16 enam- 
eled magnet wire (approx. 180 feet) 

NOTE: The following are available 
from Analog Technology, PO 
Box 8964, Fort Collins, CO 
80525: Etched and drilled PC 
board, $3.75; PC Board kit (all 
parts required, including 
184.320 kHz crystal, to build PC 
board assembly — does not in- 
clude power supply, matching 
network, enclosure, etc.) $18.00. 
Antenna-matching network 
parts are also available (write for 
current prices). Add $1 postage 
and handling per order {Visa and 
MasterCard accepted). 



when both sections are connected in 
parallel. (The capacitor must be able 
to resonate with LI at the transmit 
frequency — approximately 185 kHz). 
A smaller- value variable capacitor 
can easily be substituted by con- 
necting one or more fixed-value ca- 
pacitors in parallel to achieve the 
required range. In that instance, sil- 
ver-mica capacitors rated for at least 
600 volts are suggested. 

Coupling link L2 is 30 turns of m 
close-wound #20 stranded wire ? 
wound on a piece of tubing cut from a m 
3W diameter polyethylene bottle, as 
The required number of turns for L2 S 
will vary depending on your antenna's £ 
impedance and the power-supply volt- § 
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FIG. 4 — SINCE THE FEEDLINE is considered part of the antenna, the transmitter should 
be installed directly at the base of the antenna. The antenna/ground post design allows 
the antenna to pivot on a single bolt, making installation a one-man job. 



range may also be constructed from 
sections of telescoping TV mast or 
similar thin- wall steel tubing. The key 
to building an efficient but inexpen- 
sive LF antenna is creativity; the an- 
tenna details are prssented only as a 
guideline; your design will depend on 
the materials available. But whatever 
design you decide to use, be ex- 
tremely careful of overhead power 
lines when erecting that or any other 
type of antenna! 

The ground system 

Once you have built your antenna 
you must provide a ground system to 
carry the return current. Establishing 
a low-resistance ground for a vertical 
antenna can be a tedious job. An ideal 
ground system consists of 120 wires 
each about l/z- wave length long ex- 
tending radially from the base of the 
antenna. Even if you have the acreage 
to lay 2500-fool radials, such a sys- 
tem would require almost 60 miles of 
wire. The design of your ground sys- 
tem will depend on existing grounds 
and local soil conditions. Highly re- 
sistive soils (granite, limestone, and 
sandstone) will require a more exten- 
sive ground system than conductive 
soils {clay, shale, loam). ¥>u should 
hammer several ground rods around 
the base of your antenna, connecting 
them with heavy-gauge wire or straps. 
The use of multiple rods significandy 
reduces ground losses through paral- 
lel connection of the individual 
ground-rod resistances. If possible, 
run a heavy wire to your water main 
(assuming, of course, that it is metal- 
lic). If you have access to a deep well 
with a metallic casing you are really in 
luck . Deep-buried grounds are a good 
choice for the experimenter, while 
limited radial fields arc probably not 
worth the effort and wire. 
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age to Ql; you can tweak L2's turns by 
measuring the RF radiated from the 
antenna. Coupling-link L2 slides over 
LI to allow the coupling factor to be 
optimized in order to achieve the best 
match to the antenna. 

For maximum efficiency, you 
should use a vertically-polarized an- 
tenna with a total height as close to 50 
feet as possible. The antenna shown in 
the photograph at the top of the page 
is assembled from pieces of alumi- 
num tubing salvaged from old ham- 
radio antennas. It tapers from a 2" 
diameter at the ba,se to Va' diameter at 
the tip. The tubing is all 6061 -T6 (the 



preferred alloy and temper for anten- 
nas) with a .058 inch wall. 

A four foot length of 2" sched- 
ule-40 PVC pipe insulates the antenna 
from ground . It is attached to the base 
of the antenna with two bolts and two 
aluminum clamps. A seven foot long, 
two-inch diameter steel fence post is 
used as the ground anchor. It is driven 
about three feet into the ground, and 
is drilled to accept the mounting hard- 
ware. The antenna is secured with 
nylon-cord guys located at 24 feet 
above ground. Three heavy-gauge 
steel tent posts act as guy anchors. 

Vertical antennas in that height 



Setup and operation 

With the transmitter/matching net- 
work installed at the base of the anten- 
na, apply voltage and key the 
oscillator. Quickly but carefully, turn 
C6 to resonance as indicated by a 
field-strength indicator or a monitor 
receiver, and check voltage and cur- 
rent to the power amplifier stage using 
a VOM. Compute the input power 
using the formula: 



W 



E X I 



If the calculated power is more than 

1 watt, reduce the power amplifier's 

continued on page 63 
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THE FREQUENCY RANGE JUST BELCW THE AM-BROAD- 
cast band (from 10 kHz to 550 kHz) has been clearly 
omitted from most communication receivers. How come? 
It appears that the extra coil sets, increased assembly 
costs, and additional RF circuitry has not justified the 
inclusion of the low- frequency band. But that doesn't have 
to stop you from sneaking a peek at the band "down- 
under. " Among the signals you'll find below 550 kHz are 
maritime mobile, distress, radio beacons, aircraft weather, 
European longwave-AM broadcast, and point-to-point 
communications. A brief summary of those signals is 
found in Table 1. 

Up convert 

Low frequencies make conventional shortwave radio 
design impractical. In the usual four-band general- 
coverage receiver, four coil sets are used to cover the 
frequencies from 550 kHz to 25 MHz, and sometimes up 
to 30 MHz, the upper limits of shortwave reception. To 
adequately cover the low- frequency (LF) spectrum an ad- 
ditional three, and more likely four coil sets are needed; 
moreover, with the usual 400-pF variable capacitors used 
in medium- frequency (MF) tank circuits, inductances of 
around 600 niH arc needed to reach the 100-kHz low- 
frequency limit used for radio communications. 

Many radios produced for the European markets cover 
the 150-kHz to 400-kHz range; however, they're usually 
designed solely for AM reception where a high-sensitivity 
figure is not required. That's because European longwave 
stations generally run 50—100 kW (or possibly more) to 
their antennas. 

Here in America, it's more practical to up-convert the 
low- frequency range to a medium-frequency range. Our 
converter does just that. It converts the 10- kHz to 550-kHz 
LF range to a 1.01 -MHz to 1.5 5 -MHz MF range, by 



LOW 

FREQUENCY 

CONVERTER 



Find out what's happening 
below the AM-broadcast band 
with our low-frequency converter 

WILLIAM SHEETS AND RUDOLF F. GRAF 



simply adding I MHz to all received signals. Connect our 
converter to any cominunications receiver, or AM-broad- 
cast radio for that matter, and bingo — you have a longwave 
receiver. Radio calibration is unnecessary because signals 
are received at the AM-radio's dial setting, plus 1 MHz. A 
100-kHz signal is received at 1 100 kHz, a 335-kHz signal 
at 1335 kHz, etc., just drop the first digit to read the 
longwave frequency. 

One problem at low frequencies is man-made noise; 
many of our everyday devices and appliances are notorious 
in that regard. Motors, fluorescent lighting, light dim- 
mers, computes, TV- receiver sweep radiation, and many 
small household digital devices generate "hash" in the 
spectrum below 550 kHz. Fortunately, most noise is car- 
ried chiefly on power lines, and doesn't radiate very far. 

One misconception is that tremendous antennas are 
needed for longwave reception. It's easy to understand 
why someone might think that way. At shonwave frequen- 
cies (3-30 MHz), it's common to errect a halfwave dipole 
at the operating frequency; the resulting antenna length is 
usually quite reasonable for anyones backyard. Try to do 
the same for longwave (10-550 kHz), and you'd end up 
with a dipole 1-mile long. The remedy is to use an active 
antenna, where excellent longwave reception can be had 
with a simple vertical only a few-meters long. In fact, our 
converter (using an active antenna) even picks up quite a 
few signals with a clip lead only 30-centimeters long. 

Circuit description 

According to Fig, l-o, low-frequency signals that are 
picked up by an 8-inch whip antenna (a standard CB/ham 
iO-meter whip) are fed to the Ql's gate, a source follower. 
FET-transistor Ql matches the whip's high-impedance 
(which looks like a small 20-30-pF capacitor) to the low- 
pass filter formed by CI through C3, and LI through L4. 
That filter rejects signals above 500 kHz, preventing break- 
through and cross modulation from strong broadcast and 
shortwave signals. Coupling capacitor C4 is selected to 
attenuates frequencies below 10 kHz. 

Resistor Rl provides a DC ground for Ql's gate. Resistor 
R2 is needed for a return path for Ql's drain current 
because capacitor CI blocks the DC -path to ground. Di- 
odes D1-D4 bleed-off any static charge on the antenna that 
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TABLE 1— LONGWAVE SIGNALS BELOW 550 kHz 



I 
I 



Frequency Range 



510-535 kHz 



500 kHz 



415-490 kHz 



285-400 kHz 



190-285 kHz 



160-190 kHz 



110-160 kHz 



90-110 kHz 



30-90 kHz 



14-30 kHz 



10-14 kHz 



Below 10 kHz 



Signals Found 



Misc. Radio Beacons 



Distress (CW) 



Maritime Mobile (CW) 



Radio Beacons, Weattier; 
Aeronautical and Marine 



Radio Beacons, Weather: 
European Longwave 
Broadcast 



Fixed Public, License-FrBB 
Experimental, European Long 
Wave Broadcast, Fixed 



Maritime Mobile, Lowest Frecj. 
Long-Wave Broadcast, Fixed 
(point to point) 



Loran Navigation 



Fixed, Mobile, Standard Freq. 
and Time Signals 



Submarine Communications, 
VLF Worldwide Higti-Power, 
Military and Commercial 



Omega Signals, Freq. 
Standards, Atmospheric 
Phenomena, Whistlers 



Atmospheric Noise, Whistlers, 
Experimental Transmissions, 
Military 



Remarks 



Ship to Shore 



Weather info, AM, 
voice and Carrier 
Current (Power Line) 
Transmissions 



Some experimenters 
run 1-watt transmitters 
in this band, no 
license needed 



Tends to be noisy, 
also some RTTY 
transmissions 



RTTY transmissions, 
some CW, noisy 



RTTY transmissions, 
some CW heard at 
times, noisy 



Lowest part of radio 
spectrum, frequently 
used 



Experimental 



might have accumulated, while hav- 
ing no effect on RF signals that are 
less than about 1 voit on the antenna. 

The low-frequency signals are fed 
to ICl, a doubly-balanced mixer, 
that's easy to use and quite reliable. It 
has balanced (dual polarity) inputs 
and outputs but, as used here, single- 
ended (unbalanced) inputs and out- 
puts may be accommodated by using 
only one of the balanced lines (either 
will do). Resistors R3-R7 provide an 
adjustable bias network for the input 
pins 1 and 4. Resistors R8— RIO and 
R14 provide the correct DC operating 
voltages and bias levels. Capacitors 
C5— C7 are supply-bypass capacitors. 
Resistor Rll sets the mixer's gain (at 
about X3). Resistors R12 and R13 
feed bias to the local-oscillator inputs 
8 and 10. 

Transistor Q2 and associated cii- 
cuitry form a Hartley 1.000-MHz lo- 
cal-oscillator, which is coupled from 
Q2's drain, through 08, to ICl pin 8. 



Signals in the 10-550 kHz range are 
converted to 1010-1550 kHz. A 
450-990-kHz output is also pro- 
duced, but it's ignored because direct 
readout of those frequencies isn 't pos- 
sible with most AM radios, which 
only cover down to 530 kHz, or there- 
abouts. (Actually, if you're so in- 
clined, other local-oscillator frequen- 
cies may be used. For example, to 
receive the 80-meter ham band use a 
3.500-MHz crystal-controlled os- 
cillator) Components R15 and C9 are 
supply decoupling components. Re- 
sistor R16 provides bias to Q2. Tank 
circuit L5-C11 is slug-tuned to reso- 
nant at 1 MHz. Capacitor CIO couples 
Q2's source to the top of the tank. The 
local-oscillator signal viaR17 is set to 
the correct level at pin 8 of ICl. 

The mixer heterodynes the incom- 
ing low-frequency signal and local- 
oscillator signal . The output frequen- 
cies then appears at both pins 6 and 12 
of ICl: Pin 12 is used arbitrarily for 



easier PC-board layout. Small- value 
resistor R21 is used as a PC board 
jumper, so its value is not critical. 
Resistors R18 and R20 provide bias to 
the output stages of ICl, while R19 
and C12 decouple the DC power sup- 
ply. Transistor Q3 reduces ICl's high- 
output impedance to about 100 ohms 
to match most receiver inputs. Capac- 



PARTS LIST 

All resistors are Vt-watt, 5%. 
R1— 2.2 megohms 
R2, R12, R13, R15, R16— 2200 ohms 
R3, R4— 100,000 Ohms 
R5, R6— 22.000 ohms 
R7 — 25,000-ohm trimmer potenti- 
ometer 

R8— 680 ohms 
R9— 470 ohms 
RIO, R19, R23--220 ohms 
R11— 1000 ohms 
R14 — 1500 Ohms 
R1 7— 15,000 Ohms 
R18, R20, R22— 3300 ohms 
R21— 10 ohms 
Capacitors 

CI, C3— 82 pF, ± 5%, NPO, ceramic 
disc 

C2— 270 pf, ±5%, NPO, silver mica 
C4 — 0,001 fxF, 50 volt, mylar 
C5, C6, C7, 09, 012—47 jiF, 16 volt, 
electrolytic 

C8, 010. 013, 015, 016, 018—0.01 
\i.f, 50 volt, ceramic disc 
C11— 180 pF, ±5%, NPO, ceramic 
disc 

014-^70 n-R 16 volt, electrolytic 
017—22,000 jjlF, 16 volt, electrolytic 
Inductors 

L1,L4— 680|u,H, ±5% 
L2, L3— 1000 M-H, ±5% 
L5— 100-160 (jiH, tapped 
L6-^.7 (jlH, RF choke 
Semiconductors 
D1-D5—1N914B diode 
01, Q2— MPF102 transistor 
Q3— 2N3563 transistor 
ICl— MC1496L 
Other components 
J1, J2, J5, J6 — suitable connector of 
your choice 

J3, J 4 — F-type chassis connector 
Miscellaneous: Weatherproof box 
for the main converter, small metal 
box for the ROVR/DC adaptor, CB- 
whip antenna and mounting hard- 
ware, PC board, wire, cable, solder, 
hardware, etc. 

Note: A kit containing the PC 
board and all parts that mount on 
the board is available from North 
Country Radio, P.O. Box 53, Wy- 
kagyl Station, New Rochelle, NY 
10804. Price is $33.75 plus $2.50 
postage and handling. ^ 
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RG. 1— THIS LOW-FREQUENCY CONVERTER (a) USES A FET-transistor front end, an tC 
mixer, and Hartley osciilator. Up-converted signals can be heard on any standard AM 
radio. The receiver/DC adaptor (b} doesn't need a FC board, and can tie hard wired in its 
own metal box. 




FIG. 2— YOU CAN REDUCE RECEIVED NOISE (HASH) by nof mounting the LF converter 
within 50 feet of AC high-tension lines (power poles), near any AC outlet, or near any 
telephone-service entrance cables. 



itor C15 couples the 1010-1550 kHz 
frequencies from Q3's emitter to out- 
put-jack J3, while blocking any DC 



bias. Resistor R22 is a DC return and 
bias resistor forQ3. 

Inductor L6 couples the DC volt- 



age that's carried in the RF-signal ca- 
ble from the RCVR/DC adaptor. The 
DC voltage and RF signals don't in- 



terfere with one another at all; that 
saves running a separate power- sup- 
ply wire, which simplifies installation 
at a remote location. Capacitors C14 
and C13 provide DC supply filtering. 
Figure l-b shows that the RCVR/ 
DC adaptor is small enough to fit in a 
small shielded box containing J4, J5, 
DC-blocking (RF coupling) compo- 
nent C16, and DC filter capacitors 
C17 and CIS. DC is fed in via J6, 
which should be well filtered (less 
than 1% ripple). 

Installation 

The converter with its antenna 
works best, and has the least noise 
and interference, when remotely 
mounted as far away from any AC 



wiring and other interfering devices 
as possible. If you live in a quiet coun- 
try location or are willing to tolerate 
some line noise, the converter can be 
mounted near the receiver The loca- 
tion is entirely up to you. 

Figure 2 shows one possible remote 
installation. The coaxial cable from 
J3 carries both RF signals and DC 
power; that cabie is run from the re- 
mote converter to a RCVR/DC adapt- 
or located in your radio shack. The 
RCVR/DC adaptor helps out in two 
ways. It pumps DC power down the 
cable to the converter, and routes RF 
from the converter into the receiver. 
An extra volt or two of output DC is 
recommended to make up for losses 
in L6 and L7 that have about 60-ohms 
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- ALTERNATE &f IN 
FIG. 3— STUFFING THIS PC BOARD should be easy, even for the inexperienced. 
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FIG. 4— THE PC BOARD IS MOUNTED IN A METAL BOX FOR RF SHIELDING. Make sure 
you use small standoffs under the PC board to prevent the copper traces from shorting 
against the metal box. The author shimmed up the PC-board 1/8 inch by screwing an extra 
nut under the board at all four corners. 



FIG. 5— RECEIVER/DC ADAPTOR allows 
the converter to be powered through its 
RF output in remote installations. That 
way you don't have to run an extra power- 
supply line all the way out to the converter. 

DC resistance each, and cable losses 
as weii. 

For local installation (non-remote), 
inductor L6 may be disconnected 
from jack J3. The -i- l2-volts DC is 
then ted directly from any convenient 
supply, about 11-15 milliamps is all 
that's required. 

Construction 

%u can etch your own PC board 
using the artwork in PC service, or 
order the kit of parts that includes an 
etched and drilled PC board from the 
source in the Parts List. Figure 3 
should help you stuff the PC board 
concctly. As you might expect, first 
mount the resistors and capacitors, 
then mount Dl through D4, Ql, Q2, 
Q3, and last install LI through L6, 
and ICl. A socket for ICl is desirable 
but unnecessary. If you are using a 
remote installation, then assemble the 
RCVR/DC adaptor; its parts layout 
isn't critical, but be sure to com- 
pletely shielded the adaptor in its own 
metal box to avoid picking up strong 
AM stations in the 1010-1550-kHz 
range. 

Tuneup 

Tuneup is simple. First check all 
your wiring and components to make 
sure they're all properly seated and 
polarities are correct. If everything 
checks out, connect -I- 12 vohs to the 
adaptor-box jack J6. Now check for 
-I- 12 volts at J3, or L6 if you arc not 
using a remote setup. Next verify that 
-I- 11 volts or so is across capacitor 
€14. Measure the current drain from 
your -I- 12-volt DC supply, and if you 
measure more than 15 mA, that may 
indicate problems. 

continued on page 76 
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BEYOND STEREO 

The Sound Retrieval System adds a new dimension to audio reproduction. 




,.|?rERKO SOUND ON BROADCAST TEiLEVISION HAS BKKN 

availabSe for about five years, and nearly half of the TV 
sets sold last year incoiporated MTS (Multi-channel Tele- 
vision 5ound) decoders. They enable viewers to hear ster- 
eo sound tracks from programs that are transmitted locally 
in stereo, as well as a SAP, or Secondary /^udio /"rogram 
channel, which can be a second-language translation of a 
movie sound track. 

However, for all the success that stereo TV has enjoyed, 
there are still two major problems with the way stereo TV 
sound is reproduced in the home. If you depend on your 
TV's two built-in speakers to provide the stereo effect, you 
are likciy to be disappointed. That's because the two 
speakers are usually spaced too close to each other to 
provide a pleasing stereo "sound stage." 

If your TV monitor/ receiver has jacks for external 
speakers, you can use a pair of separate speakers, or even 
your home- stereo speakers. The stereo effect will be best if 
they are separated by eight feet or more, but then a new 
problem arises: When actors on the TV screen speak, if 
you are even slightly off center between the two speakers, 
you will get the impression that sounds are coming from 
the nearest loudspeaker instead of from the actor who is 
speaking. 



A psychoacoustic solution 

More than two years ago, Hughes Aircraft, a division of 
the General Motors Corporation, developed what origi- 
nally started out as a car-stereo enhancement system. It is 
called the Sound y?etrieval System, or SRS for short. 
Hughes demonstrated the system by placing two small 
speakers so close together that their side panels practically 
touched. As you might expect, music played over the 
speakers sounded "cramped," because it lacked proper 
stereo imaging and spread. By merely pressing a button, 
the two little speakers could be made to sound as though 
they had been moved apart to the corners of the room. 

Two more knobs allowed the music to be adjusted so 
that you could walk all around the room without altering 
the tremendous spread of sound and sense of ambience. 
The demonstration was so dramatic and effective, that 
people couldn't help but look for additional hidden speak- 
ers. Of course, there were none. 

A similar demonstration, this time in a car, revealed that 
same spread of sound when the "magic" button was 
pressed. Instead of the sound being confined to the narrow 
width of the automotive interior, it seemed to extend well 
outside the car. And while Hughes' primary interest was in 
enhancing the stereo effect in car-stereo systems, it was 
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FIG. 1— THERE IS A FOURTH FACTOR, that governs the way in which we judge where 
sounds originate. It has to do with the way our hearing system's frequency response 
varies. 
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FIG. 2— THE EAR'S FREQUENCY RESPONSE CHANGES witii both azimulii and eleva- 
tion. Here is an example of our hearing system's response to frontal, side, and rear 
sounds. 



clear that stereo TV, which was then 
just gaining a foothold, could also 
benefit from this remarkable enhance- 



ment. More than a year and a half 
later, Sony Corporation, having li- 
censed the SRS Technology from 



Hughes, has incorporated it into near- 
ly a dozen new stereo TV models, and 
the sound is truly incredible. (Editor's 
note: For tho.se of you who don't be- 
lieve that this new system sounds as 
good as we say it docs , we encourage 
you to prove it to yourself by going to 
your local Sony dealer and listening 
to one of their new SRS-equipped 
televisions. 

Theory and operation of SRS 

SRS is based upon several psycho- 
acoustic principles that have been 
written about in obscure scholarly pa- 
pers over the years, but have never 
been put to practical use until now. 
SRS technology is so valuable that 
Hughes has been granted one com- 
prehensive patent containing no fewer 
than 159 separate claims. Two addi- 
tional patents involving further im- 
provements and additional claims 
may well have been granted by the 
time you read this article. Here is how 
SRS works. 

Much of what happens when SRS 
is working involves psychoacoustics. 
As Arnold Klayman, the inventor of 
the system explains it, humans per- 
ceive the direction from which .sounds 
come by at least three different 
means. We detect the relative phase of 
sound.s in the case of low frequencies 
(between about 20 Hz and 200 Hz.) 
For mid-range sounds (300 Hz to 
4000 Hz), we detect the relative inten- 
sity. That means that sounds coming 
from one side sound louder to the 
nearest ear, and softer to the other ear. 
For higher frequency sounds — those 
having a fast rise time — we judge di- 
rection by the relative time of arrival. 
Those sounds reach the closest ear 
.sooner than they reach the farther one. 

There is, however, a fourth factor 
that governs the way in which we 
judge where sounds originate, vifhich, 
up to now, has been ignored in stereo- 
reproducing systems. That factor has 
to do with the way our hearing sys- 
tem's frequency response varies (see 
Fig. I). 

The outer ear, known as the pinna, 
has an effect on the spectrum of the 
sound reaching the eardrum, while 
the concha (the section that leads to 
the ear canal) has an effect on the 
frequency at which the ear canal is 
resonant. Together, those two parts of 
the ear control the spectral shape ( fre- 
quency response) of the sounds reach- 
ing the eardrum. In other words, the 
system functions as a sort of multiple 
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RG. 3— AMeiENT, REFLECTED, AND SIDE SIGNALS produce a complex sound field. 




SERVO COMR0LL+ R 



11 



vj M lTr ^ UcEMTER 
^ ^ PROCESSING |l^ ^CONTROL 




J L-R ^ 
PROCESSING 



JI 



SERVO CONTROL L-R 




FIG. 4— B LOCK DIAGRAM OF THE SRS CIRC UITRY. Control ci rcuits detect the content of 
the music, and dynamically adjust both the level and the spectral content of the sum and 
difference signals. 




FIG. 5— FREQUENCY RESPONSE at the L - R test point, with only the left signal applied 
to the Input. 



filter, emphasizing some frequencies, 
attenuating others, and letting some 
through without any change at all. 
The ear's frequency response changes 
with both azimuth and elevation, and 
together with our binaural (two ear) 
capabilities, they help us determine 
whether a sound is coming from 
above, below, the left, the right, 
ahead, or behind. Examples of our 
hearing system's response to frontal 
sounds, sounds from the side, and 
from behind are shown in Fig. 2. 

As K layman went on to explain, 
"Microphones used in making re- 
cordings don't behave like human 
ears. Omnidirectional microphones 
have a flat frequency response for 
sounds coming from all directions. 
Cardioid, or directional microphones 
have a flat response for sounds com- 
ing from the sides and from the front, 
but are 'dead' to rear sounds. So, 
during playback, if sounds that origi- 
nally came from the side are re- 
produced by speakers located 'up 
front, ' those sounds are heard with an 
incorrect spectral response. The result 
is a spatial distortion of the sound 
field, and we are prevented from hear- 
ing the proper spatial cues of what 
was originally performed." 

The SRS technique helps to correct 
those problems by processing the au- 
dio signals so that the spatial cues are 
restored. SRS first combines or adds 
together the left and right channels to 
create a sum signal (L-l-R). It then 
subtracts each one from the other to 
create two difference signals; (L — R) 
and(R-L). 

The signals are then subjected to 
various forms of processing and 
equalization. Ambience and spatial 
characteristics are derived from the 
processed difference signals. Di- 
alogue, vocalist, and soloist sounds 
are derived from the processed sum 
signal. Once the complex and dynam- 
ic processing sequence has taken 
place, the signals are revised and rec- 
onstructed into new (L-FR) and 
(L-R) signals, which are matrixed 
back together in the same fashion 
used in stereo FM and in stereo TV. 
That is, using simple algebra, the new 
(L-l-R) is added to the new (L-R), 
yielding a new L signal (actually 2L, 
but the 2 is simply an amplitude co- 
efficient which can be ignored). The 
new (R - L) signal is added to the new 
(L + R) signal to form a new R signal. 

In a stereophonic signal, sounds 
coming from "in front" of you pro- 
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THE MONEY MAKING OPPORTUHITlf 

OFTHE1990'S 
IF you are able to work with ccmmon small hand 
tools, and are familiar with basic eleciranics (i.e. able 
to use voltmeter understand DC electronics). . . . 
IF you possess average mechanical ability, and have a 
VCRon which to practice and learn. . . .Ihenwecan 
teach YOU VCR maintenance and repair! 
FACT: up lo 90% of ALL VCR malfunctions are due to 
simple MECHANICAL or ELECTRO-MECHANICAL 
breakdowns! 

FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
monttis! 

Vieio's 4(ID PAGE TRAINING MANUAL (over 500 pho- 
tos and illustrattonsj and AWARD-WINNING VIDEO 
TRAINING TAPE reveals Hie SECftas of VCR mainte- 
nance and repair — "real world" information Ihal is 
NOT available elsewhere! 

Also includes all the info you'll need regarding the 
BUSINESS-SIDE of running a successful service op- 
eration! 

FREE INFORMATION 

CALL TOLL-FREE 1-800-537-0539 

Or write to: Viejo Publ leal ions 

3540 Wiishire BL. STE 310 
Los Angeles, CA 90010 Dept RE 
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FIG. 6— FREQUENCY RESPONSE at the R - L test point, with only the left signal applied 
to the input. ~ 



duce equal-amplitude sounds in the 
left and right channels, and are there- 
fore present in the sum signal (L + R). 
Ambient, reflected, and side signals 
produce a complex sound field (see 
Fig. 3), and are present primarily in 
the difference signals (L-R and 
R-L). 

The Hughes SRS circuitry pro- 
cesses the difference signals to bring 
back the missing spatial cues and di- 
rectional information. The difference 
signals are then dynamically in- 
creased in amplitude in order to in- 
crease the apparent image width. 
However, since the ear has increased 
sensitivity to mid-range frequencies, 
selective emphasis of the difference 
signals is necessary to produce a real- 
istically wider stereo image without 
introducing annoying image shifts. 

The selective emphasis of certain 
frequencies in the difference signal 
accomplishes several things. For the 
quieter components, it further en- 
hances the stereo image by restoring 
the ambience of the live performance , 
which is normally masked out by the 
louder, direct sounds. It also provides 
a much wider listening area, as you 
can walk about the room and still re- 
tain a sense of direction of all the 
musical instruments — you no longer 
have to sit midway between the two 
loudspeakers! 

There's a lot more going on inside 
the SRS circuit than what we've brief- 
ly described. There arc many control 
circuits that detect the content of the 
music, and dynamically adjust both 
the level and the spectra! content of 
the sum and difference signals. Figure 



4 shows the block diagram of the SRS 
circuitry. 

The fiequency response curves of 
the (L-R) and (R-L) signals are 
shown in Hgs. 5 and 6 respectively. It 
is clear that the SRS system does alter 
or equalize the response of the de- 
rived signals. 

The selective boosting of the dif- 
ference signal is automatically ad- 
justed while audio signals arc applied 
so that the perceived stereo effect is 
relatively consistent. Without such 
automatic adjustment, the amount of 
enhancetnent provided would have to 
be manually adjusted for different 
program material. For example, in 
order to avoid excessive boosting of 
artificial reverberation, which is 
sometimes added to stereo record- 
ings, the enhancement technique of 
the SRS deemphasizes the frequency 
range in which excessive reverbera- 
tion is most likely to occur. That area 
is then reinforced by appropriate in- 
jection or addition of the sum signal. 
The perceived effect is that the 
amount of artificial reverberation 
does not change appreciably when the 
SRS is turned on and off. 

In the SRS-cquipped Sony TV 
sets, there is only an SRS on/off 
switch. That's because the speakers 
are at a known distance apart, and 
because stereo TV broadcasts are han- 
dled in a predictable manner. 

The license acquired by Sony for 
SRS is non-exclusive, so don't be sur- 
prised if you see other manufacturers 
offering SRS technology in I heir TV 
sets and audio components in the not 
too distant future. R-E 
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KEEP YOUR 
VCR 
HEALTHY 

Troubleshooting VCR 

tape-loading problems 

PETER M. HANSEN 




ONE OF THE MOST COMMON PROBLEMS 

found in VCR's is the inability to 
properly load a tape. Before you try to 
fix any VCR, though, you should be 
somewhat familiar with basic VCR 
disassembly skills and simple servic- 
ing precautions. You can learn about 
the various components inside a VCR 
by reading our last article on VCR 
maintenance (Radio-Electronics, 
March 1989). That article covered 
basic VCR mechanism identification, 
cleaning techniques, and the neces- 
sary hand tools. 

Tape-load problems 

It is important that you clearly un- 
derstand the difference between cas- 
sette-loading problems and tape- 
loading problems, A cassette-loading 
problem is where the cassette carriage 
assembly does not properly accept the 
cassette (the shell) into the VCR. A 
tape- loading problem is when the 
tape is not properly extracted from the 



cassette once the cassette is fully seat- 
ed inside the VCR. 

Figure 1 shows the basic VCR com- 
ponents. You should be somewhat fa- 
miliar with them before attempting 
any servicing, but right now our main 
concern is the tape-loading process. 
To be able to see the internal compo- 
nents, you first have to remove the 
VCR's top cover and head shield. You 
may also have to remove the cassette 
carriage in order to fully access the 
components involved in the tape- 
loading process. Figure 2 shows the 
cassette carriage being removed from 
a VCR — there are usually four Phi- 
llips-head screws on the top of the 
assembly that secure it to the VCR 
chassis. Figure 3 shows the cassette 
carriage assembly by itself The gear 
block and motor assembly on the 
right side of the carriage is the drive 
system that is used in front-ioading 
VCR's to load the cassette into the 
VCR when it is first inserted. 



The VCR's guide rollers and slant 
poles are what actually extract the 
tape from the cassette and guide it 
across the video head/dnnn assembly. 
After you select play or record, you 
will see the two guide posts start the 
tape-extraction process; the video 
drum starts to spin counterclockwise 
(it reaches 30 rpm in about 3 .sec- 
onds), and the pinch roller starts its 
short movement toward the capstan 
shaft. It is the action of the pinch 
roller "pinching" the rotating capstan 
shaft that actually pulls the tape 
through the machine during play or 
record. 

Most recent VHS VCR's use a ded- 
icated DC motor to load the tape 
across the video-drum assembly. The 
motor is located either above or below 
the mechanism, and is usually driven 
by an integrated circuit that receives 
the motor load and unload signals 
from the VCR's main microprocessor. 
Figure 4 shows a typical tape-load 
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FIG. 1— MAJOR VCR COMPONENTS. You should be able to identify these basic mecha- 
nisms found in atl VCR's. 

torn side of the chassis. 

To get at components on tlie under- 
side of the chassis, first make sure that 
power is off and the unit is unplugged , 
and then remove the VCR's bottom 
plate. There aie usually several Phi- 
llips screws securing the bottom plate 
to the chassis. Next, you have to iden- 
tify the screws that secure the PC 



FIG. 2— THE CASSETTE CARRIAGE as- 
sembly is usually secured to the VCR 
chassis by four Ptiillips-head screws. 

motor located on the bottom of the 
VCR's chassis; in this case, the unit is 
a later model Fisher VCR. In Fig. 5 
we see a load motor that is located on 
the top of the mechanism, with the 
video drum behind it. 

Tape-loading components 

The load gear train is located (al- 
most always) on the VCR's bottom 
side chassis. The load gear train is 
connected to the load motor via the 
load belt (or worm gear) and associ- 
ated linkage rods and connectors. The 
load-gear assemblies are made out of 
hard plastic, and have one and some- 
times two cam gears with grooves that 
contain a lubricant. Figure 6 shows a 
typical loading-gear train on the bot- 



board to the chassis. Many times 
there will be identifying arrows 
printed on the PC board indicating 
which screws must be removed. If you 
remove the wrong ones, you may be 
dismantling the wrong thing. 

(n some VCR's, you must remove 
the front panel in order to release the 
PC board. Many times the front-panel 
assembly {which contains the switch- 
es, display, etc.) is secured to the 
chassis by small (fragile) plastic re- 
taining tabs — give the unit a close 
visual inspection before attempting to 
remove it so that you don't crack any- 
thing! Remember that any mistake 
can cause you much grief- — not to 
mention the added expense. 

With the VCR placed in its service 
position (see Fig. 7), you can closely 
observe the loading components dur- 
ing a tape load. To do that, plug in the 
unit, insert an inexpensive test tape, 
and hit the play button. As soon as 
you hit play, you should see move- 
ment of the loading gear train as well 
as the the guide posts . On many units, 
you '11 also see the cam gear as it shifts 
position from "stop" to "fully load- 
ed." Sometimes a mirror placed on 
your workbench surface can help you 
see both sides of the VCR's loading 
mechanism simultaneously. 

Diagnosing malfunctions 

A very common malfunction in 
VCR's is cracked, dirty, or worn (slip- 
pery) load belts. The major symptom 
of that is that when the operator se- 




FIG. 3— THE GEAR BLOCK AND MOTOR ASSEMBLY on the right side of the carriage is the 
drive system that accepts the cassette into a front-loading VCR. 
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lects play or record, the guide posts 
will stait their path toward ttie "V" 
stoppers (the metal brackets situated 
at the end of the loading grooves), but 
they will not reach the end of their 
path. Many times they will appear to 
have completed the load process, but 
closer inspection reveals that they 
only completed about 90% or 95% of 
the load process. The loading posts 
will then start retracting back toward 
the stop position and the video drum 
will stop spinning. Most of the time, 
that type of failure is due to a bad load 
belt. 

Because the slipping load belt pre- 
vented the load posts from traveling 
theirfull distance, the microprocessor 
did not receive what's called the 
"load complete," the "after load," 
or, more simply, the "AL" signal. 
Some of the oider units have a small 
microswitch embedded in the load 
gear train that is activated when the 
load po.sts are fully extended. How- 
ever, most newer VCR's have infrared 
sensors built into the cam-gear assem- 
bly that transmit the various mechan- 
ical load stages during the tape-load 
mode to the microprocessor. 

In an aborted tape-load attempt, 
you will also be able to see that the 
pinch roller does not come in contact 
with the capstan shaft. The pinch 
roller will come in contact with the 
capstan shaft only when the system 
microprocessor receives a load-com- 
plete signal. 

A simple test for a malfunctioning 
load beh is to "assist" the load pro- 





FIG. 4~-A TYPICAL LOAD MOTOR is located on the bottom side of the VCR's chassis. 




FIG. 5— THIS LOAD MOTOR is located on top of the mechanism, with the video drum 

directly tiehind it. 



Peter M. Hansen is the author of 
the Vie'jo Method of VCR Mainte- 
nance and Repair and president of 
Viefo Publications. The manual is 
available with or without the VCR- 
maintenance kit and training video. 
The kit contains VCR cleaning mate- 
rials and an assortment of replace- 
ment belts, tires, idlers, etc. Contact 
Viejo Pubiicatiors, 3540 Wilshire 
Blvd., Suite 310. Los Angeles, CA 
90010. 1-800-537'0589. 



cess with your finger (see Fig. 8). 
With the VCR in its service position, 
and a tape inside the machine, select 
the play mode; you should have your 
index finger or thumb placed gently 
on the load-motor shaft. You will feel 
the rotation of the load motor shaft 
against your finger. Wait for the load 
process to be completed (when the 
load posts appear to have reached the 
end of their travel), and then "assist" 
the load process by manually turning 



the load motor shaft in the same direc- 
tion as it was turning by itself. If the 
belt is bad, the action of your finger 
will most likely complete the load. 
The load-complete signal will now be 
received by the microprocessor, 
which will issue the signal to activate 
the pinch roller. A bad belt should be 
replaced, but sometimes you can ex- 
tend its life a bit by cleaning the beU 
and applying some rubber revitalizer. 
Sometimes the lubricant that is ap- 
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If You Fix VCR's, 
Ask Yourself 



(9 Are Most VCR Problems Mechanical? 
[a1 Yss, most agree more ffian 3 out of 4 
VCn problems are due to a mechanical 
malfunction. 
H Are There Universal Test Tools Available 
Or Do You Have To Buy Alt The Different 
Tools Shown In Service Manuals? 
[A] TENTEL provides easier to use, universal, 
more powerful gauges tfian all factory 
tools combined. 

Ul What Mechanical Measurements Should 
Be Made To Properly Check Out A VCR? 

[a] Holdback tape tension, tension servo 
cfieck, reel table fielghls, carriage align- 
ment, tape guide f)etgf}t, take up torque, 
restoring torque, brake torques, FF/HEW 
torques & video head v/ear. 



W EW' '^^s* released 68 minute 
Video Training Tape covering over 
28 mechanical VCR tests and 
measurements <tO/l Q^ 

INTRODUCTORY ^iCH — 

PRICE Shipping Included 






V TENTEL"^ Corporation 
.S^' 4475 Golden Foothills Pkwy 
El Dorado Hills, CA 95S30 
(800)538-6894 / (916)939-4005 




FIG, 6— A TYPICAL LOADING GEAR train 
is usually covered by a protective plastic 
guard that nnust be removed for servicing. 
This gear train is on ttie bottom of the 
chassis. 




FIG. 7— A VCR IN ITS SERVICE POSITION. 
A mirror on your workbencti surface will 
allow you to see both sides of the VCR 
simultaneously. 



moving ttie old lubricant. It is also a 
good idea to first take a photo or make 
a quick sketch of an assembly before 
dismantling it for cleaning, so that 
everything goes back correctly. Many 
times there will be small alignment 
arrows imprinted on the gears them- 
selves — -pay careful attention to any 
arrows, as they must be exactly align- 
ed during reassembly. 

If the load belt appears to be good, 
and there is no dried-up lubricant, 
then you have to inspect the load gears 
for any signs of cracking — especially 
hairline cracks. Any gears that show 
signs of cracking must be replaced. 
Note that load motors do not usually 
go bad, but if there is excess freedom 
of shaft movement, or any signs of 
excessive friction in the motor, it may 
have to be replaced. 

Another quick test of the load sys- 
tem is to perform a tape "load" by 
hand, with the unit unplugged and no 
tape inserted. That will provide an 
unobstructed view of the loading 
mechanisms as they operate. Also, 
tlie loading process will be greatly 
slowed down, so you'll be able to 
see — and perhaps even feel — exactly 
when a problem occurs. Then you can 
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FIG. 8— A MALFUNCTIONING LOAD BELT is can be tested by "assisting" the load 
process with your finger. 



plied in sliding tracks and to various 
components dries up and hardens, 
Tliat can cause much added friction 
for the load components, and may 
cause the load to be aborted. If that's 
the case, you have to dismantle the 
assembly, clean off the dried-up lubri- 
cant, and apply a fresh coal. It is best 
to use a cleaner like acetone for re- 



determine which part might be caus- 
ing it to happen. To perform the test, 
turn the load-motor shaft by hand and 
observe the unit's operation. Watch 
for freedom of movement of all of the 
mechanical components involved in 
the load process, and check for any 
obstructions that may impede proper 
loading. r-e 
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Op-amps show their versatility in instrumentation circuits. 



OP-AMPS 

IN INSTRUMENTATION 



RAY MARSTON 



PREOSION VOLTMUTEKS. AMMbTERS. AND 

ohinmelers use op-amps in a wide 
variety of applications. You'll (ind op- 
amp rectifiers. ran|:e-scaiing net- 
works, conVerten;, and voltage refer- 
ences. Let's take a look at how those 
circuits work. 

Electronic rectifiers 

Conventional diodes can't rectify 
millivolt AC signals because tfiey 
don't conduct until their ^fiet' voltage 
is exceeded. Silicon diodes have knee 
values of about 600 mV, and thus 
don't rectify AC voltages below that 
value. Luckily, op-amps can effec- 
tively reduce the diode's knee voltage 
by a factor equal to the open-loop 
gain; a diode can then rectify AC- 
signal amplitudes that are smaller 
than a millivolt. 

Figiue 1 is a half-wave rectifier con- 
nected as a noninverting amplifier; 
feedback is through DI. {Notice that 
the rectified output is taken from the 
inverting input.) When the noninvert- 
ing AC- V,r^ swings positive by only a 
few microvolts, the output is quickly 
driven to Dl's 600-mV knee voltage. 
The feedback through Dl forces the 
inverting input to accurately follow 
the positive-input signals. However, 
when the AC-V[f^ swings negative, 
the negative output causes Dl to be- 
come reverse-biased, whose reverse- 
leakage resistance (typically hun- 
dreds of megohms) acts as a voltage 
divider with Rl; that determines the 
op-amp's voltage gain during the 
negative-input swing. The circuit 
thus follows the positive-input sig- 
nals, but rejects the negative ones 
and, hence, has the characteristics of 
a nearly perfect rectifier. 

Figure 2 shows a peak- voltage de- 
tector. Capacitor CI charges rapidly 
through Dl to the peak positive value 
of AC V|fj, but discharges slowly 




FIG. 1— HAU-WAVE RECTIFIER circuit. 



negative-going half-wave rectified 
output, the polarities of the two di- 
odes must be reversed. 

Figure 4 shows how to combine an 
op-amp half- wave rectifier and an in- 
verting amplifier to build a precision 
full-wave rectifier. When the AC V,^ 
swings negaDve, the inverted output 
of ICl goes to near zero because of 
D2. At the inverting input of IC2, the 
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RG. 2— PEAK DETECTOR with buffered output 



through Rl when the signal falls be- 
low the peak value. Meanwhile. IC2 
is used as a (voltage follower) buffer 
stage, so that Rl is not shunted by any 
external loading. 

Precision rectifiers 

Figure 3 shows a precision half- 
wave rectifier. When the AC V,jvj goes 
negative, the output swings positive, 
which forward biases Dl. The op- 
amp's gain equals unity because Dl's 
forward resistance is negligible. 
When the AC V,,,, goes positive, the 
output swings negative, but is limited 
to -600 mV by D2. Resistor R3 cor- 
rects for op-amp DC -current errors, 
and holds the noninverting input at 
ground potential. The negaUve- feed- 
back loop will always try to hold pin 2 
at virtual ground (because the idea is 
to drive the inverting input to the 
same potential as the noninverting in- 
put.) Consequently, the output at Dl's 
cathode does not swing much below 
zero. The Wavr '^ ^ positive-going 
half- wave rectified signal that resem- 
bles pulsating DC. To produce a 




FIG. 3— PRECISION HALF-WAVE rectlfler. 

AC Vjiy, (via R4-R5) is simply inver- 
ted to produce a + Vqjit-. Tbe circuit 
analysis for the positive swing of AC 
V,f,j is a bit more complicated. Op- 
amp iCl inverts the signal to produce 
a negative output that is passed 
through Dl to the summing junctio 
of IC2, where it's combined with the 
positive AC Vj^ (via R4-R5). At the 
summing junction, the negative out- 
put of ICl is doubled and inverted via 
!C2, R3-R5, to produce a + 2Vout. 3 
while the positive AC V,f^ is only ^ 
inverted via IC2, R4-R5, to produce g 
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FIG. 4— PRECtSION FULL-WAVE rectifier. 



a - Vq^j^. The summing resultant is 
+ ^ouT ^t the IC2 output that is 
equal to the original AC V,^ positive 
swing. Therefore, the IC2 output sig- 
nal is always a positive-going full- 
wave rectified signal. 

AC-to-DC converters 

In a standard DC power supply, a 
rectifier takes the AC cun'ent from a 
step-down transformer and produces 
a pulsating DC current, which is then 
filtered into steady-state DC by a large 
filter capacitor. That system has 
worked great for years, and still does, 
but designers' would like to get rid of 
those bulky filter capacitors; and in- 
deed, a more compact arrangement is 
possible by using an op-amp rectifier 
combined with an integrating feed- 
back-capacitor. 




FIG. 5— PRECISION HALF- WAVE AC/DC 
converter. 

Figure 5 shows a half- wave convert- 
er that uses a voltage gain of 2.22 via 
R2/R1, while integration is accom- 
plished via C1-R2. Figure 6 shows a 
full-wave converter with a voltage 
gain of 1.11, while integration is ac- 
complished via C1-R5. Notice that 
op-amp converters compute the aver- 
age value of rectified AC-voltage; that 



is distinguished from power supplies 
using an output filter-capacitor, which 
delivers a steady-state DC equal to the 
rectifier's peak output- voltage. 

Digital meters 

Precision Digital Volt A/eter 
(DVM) modules using op-amps can 
form the basis of a DC multimeter. To 
function as a multirange DC volt- 
meter, the input voltage is conditioned 
through an attenuation network; for a 
multirange DC ammeter, the input 
current is applied through a multi- 
range current shunt. 




FIG. &— PRECtSION FULL-WAVE AC/DC converter. 




FIG. 7— AC/DC CONVERTER used with a DVM module. 
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FIG. 8— 5-RANGE AC VOLTMETER (converter) using a DVM module. 
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As shown in Fig. 7, a DVM module 
can be used to measure AC (rather 
than DC) voltage by connecting a 
suitable AC-to-DC converter to its in- 
put. Op-amp ICl is used in the nonin- 
verting mode, with DC feedback 
applied through R2, and AC feedback 
applied through C1-C2 and the diode- 
resistor network. Resistor R7 adjusts 
the amplifier gain over a limited 
range. The rectified output of the cir- 
cuit is filtered by components R6-C3 
for DC conversion. 

Figure 8 shows a frequency-com- 
pensated attenuator network u.sed to 
convert a standard DVM module into 
a 5-range AC voltmeter. Figure 9 
shows how a switched-shunt network 
can be used to convert a DVM module 
into a 5-range AC ammeter. 

Figure 10 shows how to convert a 
DVM module into a 5-range ohm- 
meter. The circuit actually functions 
as a multi-range constant-current gen- 
erator, where a constant current feeds 
(from Ql collector) into R^- Tlie re- 
sulting voltage drop across Rj^ — 
which is directly proportional to the 
unknown R^ value — is read by the 
DVM module. 

Transistor Ql and the op-amp are 
wired as a voltage-foi lower— the 
emitter-voltage follows the voltage set 
by potentiometer R8. In practice, that 
voltage is set at precisely 1 volt below 
Vpjj. Consequently, the Ql current 
source equals 1 volt divided by the 
selected (R3 to R7) range-resistor val- 
ue. For example, the current through 
the R3 range resistor when the nonin- 
verting input is set to 1 volt equals 1 
volt/1000 ohms, or 1.0 mA. The 
DVM module typically reads full 
scale when its input voltage equals 
200 mV. That reading is obtained 
when 1 .0 mA x Rj^ has a value equal 
to 200 mV; therefore, Rx should 
equal 200 ohms for a full-scale DVM 
reading. 

Analog meters 

As shown in Figs. 11 to 15, an op- 
amp can also convert a standard 
(D'Arsonval) moving-coil meter into 
a sensitive voltage, current, or ohm- 
meter All of the circuits are designed 
around the LF356 JFET op-amp, 
which has a high input impedance, 
and operates from a ±9-volt supply. 
Offset nulling is provided to set the 
output to precisely zero. The moving- 
coil meter should have a full-scale 
sensitivity of 1 mA. 

Instead of using a 1-mA moving- 
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FIG. 9— 5-PANGE AC AMMETER (converter) using a DVM module. 
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FIG. 11— A DC MILLIVOLT meter. 



coil meter, the 1-mA DC range of an 
existing multimeter can be sub- 
stituted, and the circuits shown in 
Figs. 11 to 15 will function as "range 
converters." Notice that each circuit 
has a 2.7K resistor in series with the 
op-amp's output. That resistor limits 
the available output current to a few 
milliamps, thereby providing the 
meter movement with automatic over- 
load protection. 
Figure 1 1 shows a simple method to 



convert a 1-mA meter into a fixed- 
range DC-mV meter having a full- 
scale sensitivity of 1 mV, 10 mV, 100 
mV, or 1 voh. The table shows appro- 
priate values of Rl tor the full-scale 
sensitivities. To null the op-amp's in- 
put-offset voltage, short-circuit the 
input terminals and adjust R6 for zero 
deflection of the meter. 

Figure 12 shows how you can put 
together a 4- range DC-m V meter hav- 
ing full-scale ranges of 1 mV, 10 mV, 
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FIG. 12— *-RANGE DC millivolt meter. 
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FIG. 14— 4-RAMGE AC millivolt meter. 
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FIG. 15— 5-RANGE LINEAR-SCALE ohmmeter. 
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100 mV, and 1 volt. Figure 13 shows 
how you can make a DC-jjlA meter 
having full-scale ranges of 1 |jlA, 10 
^jiA, 100 ^jlA, and 1 |iA. The range 
resistors should have a tolerance of 
2% or better. 

Figure 14 shows a useful fixed- 
range AC-mV meter. The circuit's in- 



put impedance is equal to Rl, which 
varies from 1000 ohms at I-mV full- 
scale sensitivity, to 1 megohm at 1- 
volt full-scale sensitivity. The useful 
frequency range is about 100 kHz 
when used in the 1- to 100-mV range, 
and 50 kHz for the 1-voil range. 
Figure 15 shows a 5-range linear- 



scale ohmmeter, having full-scale 
ranges from 1000 ohms to 10 
megohms. Range resistors R5-R9 
determine the full-scale values. Tran- 
sistor Ql applies 1 volt to one side of 
the range-resistor network. The gain 
of the op-amp is determined by the 
ratios of the selected range resistor 
and R^ . When the range resistor and 
Rx are equal , the meter will read full 
scale. 

To zero-set the meter in Fig. 15, 
follow this procedure: Set SI to the 
10,000-ohm position and short circuit 
the Ry temiinals. Now adjust R13 to 
set the meter needle to zero. Next, 
remove the short circuit and connect 
an accurate 10,000-ohm resistor in the 
Rx position. Now adjust R14 for full- 
scale deflection. The circuit is now 
fully calibrated and ready to be used. 

Voltage reference 

An op-amp can function as a volt- 
age reference by connecting a known 
voltage to its non inverting input. Fig- 
ure 16 shows a positive- voltage refer- 
ence whose output is fully variable 
via R3 from -t-0.2 to -1-12 volts. 
Zcner diode Dl provides a regulated 
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FIG. 1&— VARIABLE POSITIVE-VOLTAGE 

reference. 




FIG. 17— VARIABLE NEGATIVE-VOLTAGE 
reference. 

12- volt source voltage. The C A3 140 
op-amp can track input reference volt- 
ages to within 200 mV above ground. 
Figure 17 shows a negative- voltage 
reference whose output is fully varia- 
ble via R3 from —0.5 to —12 volts. 
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The LF356 op-amp can track input 
reference voltages to within -0.5 
volts below ground. The op-amps in 
Figs. !6 and 17 arc wide-band de- 
vices; resistor R2 is used to enhance 
their circuit stability. 
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FIG. 18— VARIABLE- VOLTAGE regulated 
power supply. 
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FIG. 19— STABILIZED POWER SUPPLY, 
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mize the affects of temperature 
changes on the junction voltage. The 
output-current limit is determined by 
the power rating of the transistor. To 
extend the output range down to zero 
volts, connect pin 4 to a —2- volt 
power supply. 

Figure 19 shows an alternative type 
of power supply circuit, whose output 
voltage is variable from +3 to +15 
volts at currents up to 100 mA. A fixed 
3-volt reference is applied to the non- 
inverting inpuS via Zener diode Dl 
and the R2-R3 divider network. Vari- 
able voltage gain is set by potentiome- 
ter R4. When R4's wiper is at one 
extreme position, the circuit has unity 
gain for an output of + 3 volts; when 
the wiper is in the other extreme posi- 
tion, the circuit has a gain of x 5 for 
an output of + 15 volts. The gain is 
fully variable between the two values. 

It is quite easy to modify the power- 
supply circuit shown in Fig. i9 so that 
it can supply up to ten times the out- 
put current . That can be done by using 
a Darlington transistor pair at the out- 
put instead of the single transistor 
shown, to supply the current. You'll 
also have to power the circuit with 40 
to 45 volts, instead of 18. 

Of course, any of the circuits we've 
shown can be altered to suit your spe- 
cific needs. Just don't exceed any 
component's ratings. 

Figure 20 shows how you can incor- 
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FIG. 20 — OVERLOAD PROTECTED, 3-30-volt stabilized power supply. 



Voltage regulators 

Figure 18 shows how to modify Fig. 
16 to function as a 1-12- volt variable 
power supply having an output cur- 
rent capability of about 100 mA. 
Notice that the base-emitter junction 
of the output transistor is included in 
the negative feedback loop to mini- 



porate automatic overload-protection 
circuitry. Here, resistor R6 senses the 
magnitude of the output current. 
When 1 amp is exceeded, the resulting 
voltage drop across R6 starts to bias 
Q3 on; that shunts away transistor 
Ql's base-drive current, thereby limit- 
ing the output current. R-E 



LF TRANSMITTER 



coniinued from page 46 



voltage or increase the number of 
turns on L2. Now you have to tune C6 
again, and note the shape of the tun- 
ing curve. If you see only a single 
peak while tuning C6, try increasing 
the loading by moving L2 toward the 
"hot" end of LI. If you .see a double- 
peaked tuning response, reduce the 
loading by moving L2 toward the 
ground end of LI . Repeat those steps 
as necessary in order to achieve the 
most efficient match at 1-watt input 
power. 

The exact transmit frequency can 
be trimmed by adjusting trimmer ca- 
pacitor C2. The adjustment range will 
depend on the particular crystal used 
in your unit. 

Fortunately for beginners and new- 
comers to "basement radio," slow^ 
speed CW is the favored operating 
mode, so you won't have to do much 
brushing up on your dits and dahs. At 
185 kHz the biggest enemy is noise — 
both atmospheric and man-made. It is 
for those and other reasons, that the 
best signai-to-noise ratio can be ob- 
tained by using a low data-rate mode 
(slow keying). 

Most operators congregate toward 
the upper end of the band, centering 
around 185 kHz. Keep in mind that 
many stations use crystal control, so 
it is important that you tune your re- 
ceiver as carefully as possible when 
calling CQ, and don't be surprised to 
hear a reply several kHz away from 
your calling frequency. The winter 
months are the most popular for ex- 
perimental LF operation because 
northern latitudes suffer from extreme 
atmospheric noise from May through 
September. The best openings gener- 
ally occur on cold winter nights when 
the band is stable and quiet. Under 
those conditions it is possible to es- 
tablish regular contacts to 100 miles 
or so, with occasional DX of several 
hundred miles. 

The trick to successful LF opera- 
tion is experimentation , so don't hesi- 
tate to try different antenna and 
matching network designs. Even 
though you will find the transmitter « 
useful, once you get hooked, you will ^ 
find yourself constantly planning m 
changes. You will always be on the § 
lookout for a big spool of #6 magnet 3 
wire, and daydreaming about helium ^ 
cooled, superconducting coils. R-E S 
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which isn't used here. 

There are two PC-board plugs sup- 
phed with the tuner. One is a two-pin 
version, PL5, used for a/b switch, 
which along with CI is unused. The 
other is a Single-Anltne-Fin (SIP) 
plug, PL6, which connects to most of 
the pinouts. Pin 1 (black) of PL2 is 
ground, pin 2 (green) is the second 

LOCAL OSCELLATOR + 12-V0lt Supply 

(unused), pin 3 (orange) is the UP- 
coNVERTER + 12-volt supply, pin 4 (vi- 
olet) is the FIRST LOCAL-OSCILLATOR 

TUNING VOLTAGE, and pin 5 (yellow) is 

the AUTOMATIC FREQUENCY CONTROL 

(AFC) voltage for tuning the second 
local oscillator over the range 
517-617 MHz. Pin 6 is not wired. 

Even though the up- and down- 
converter supplies are labeled as nom- 
inally needing -I- 12 volts, + 10 volts 
proved to be adequate. The AFC po- 
tential on pin 5 of PL2 should nomi- 
nally be +2.5 volts, to keep the 
second local oscillator at 567 MHz. 
Enough information is provided to let 
you look into suitable replacements if 
you can't get this version, or want to 
experiment with others. 

Spectrum nnonitor operation 

The block diagram of the spectrum 
monitor is shown in Fig. 3. It can 
operate using either 12-volts AC or 
+ 12-volts DC, and provision is also 
made for optional Ni-Cd batteries. An 
RF signal over the frequency range 
55.25-553.25 MHz is applied to the 
Zenith tuner via J5. The tuner will 
down-convert to a 63 -MHz IF, the 
center frequency being adjusted using 
R18, and the sweep width using R20; 



the IF exits the tuner via J2. It is then 
fed to an FM receiver IC that acts as 
detector/demodulator. The input reso- 
nant frequency of the IC is adjusted 
using trimmer capacitor €26. 

The output of the detector/ demod- 
ulator IC is applied simultaneously to 
a discrete NPN transistor preamplifier 
and an op-amp buffer/impedance 
converter. The preamplifier output 
goes to an IC power amplifier and 
speaker, the volume being adjusted 
using R12. This is the FM-receiver 
audio output, letting you listen to FM 
broadcast stations, TV audio, two- 
way FM communications, etc. 

The buffer/impedance converter is 
part of the vertical output section, and 
is followed by a two-pole low-pass 
filter which suppresses any signal am- 
plitude overshoots, preventing the 
spectrum monitor from forcing the 
oscilloscope beam off the graticule. 
That's followed by a vertical offset 
clipper and oscilloscope driver ampli- 
fier, which is adjusted using R4. The 
output of this amplifier is fed to the 
VERT OUT jack J3. 

Note that S2 feeds power to either 
the audio amplifier for receiver opera- 
tion, or IC7 for sweep operation in 
spectrum monitor tnode. The two op- 
erating modes are mutually exclusive; 
you can't use the monitor to simulta- 
neously observe a region of the RF 
spectrum, and listen to whatever sta- 
tion is at the center frequency of the 
display. However, it is a simple matter 
to switch between modes. 

The horizontal circuitry begins 
with a horizontal oscillator, which 
also acts as a line-voltage syn- 
chronizer. When the spectrum 
monitor is powered by 60- Hz AC, the 
12-volts AC from the secondary of Tl 



is coupled into the horizontal os- 
cillator, locking it to the 60-Hz power- 
line frequency automatically. When 
12-volts DC is applied directly to Jl, 
synchronization to 60 Hz becomes 
impossible, so the horizontal os- 
cillator will be free running. 

The horizontal-oscillator waveform 
then passes through a network that 
generates the sawtooth waveform 
used for horizontal scan/ retrace. That 
sawtooth is amplified by a horizontal 
driver and appears at horiz out jack 
J4. The sweep frequency is adjusted 
using R32, but the adjustment is 
effective only when the spectrum 
monitor is operated using AC. 

Circuit description 

The complete schematic of the 
spectrum monitor is shown in Fig. 4. 
The spectrum monitor uses 12-volts 
AC or + 12-volts DC, allowing opera- 
tion from a car battery, or a plug- in 12- 
volt AC adapter It also can operate off 
of a Ni-Cd power pack. 

Diode Dl is the power rectifier for 
12-volts AC, D2 and resistor Rl pro- 
vide a charging path for the Ni-Cd 
cells, and SI is an SPST on/off 
switch. While a full-wave rectifier 
would be much easier to filter, it 
would prevent AC/DC compatibility. 
The filter is composed of R2 and ca- 
pacitors CI and C2. Also, C3 samples 
AC to synchronize the sweep os- 
cillator to 60 Hz. The three voltage 
regulators provide regulated -F !0- 
volts DC to the tuner, and -l-5-vohs 
DC to the sweep circuits. The 
TDA7000 receiver uses -F4.5 volts; 
the drop across D3 provides -F4.3 
volts, which is adequate. 

While the 555 timer {IC5) is con- 
conlinued on page 92 
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WELL, A MONTH HAS PASSED. FOR ME, 

this is Still late May. Incredibly, the 
cold fusion has neither been fully 
proven nor disproven. Here's how 
things stand at this writing: 

• Very low level and muon cata- 
lyzed fusion effects have now 
been demonstrated at room tem- 
perature, pretty much to every- 
one's satisfaction. 

• Among other tests, some cells 
are producing a tritium fusion by- 
product that is nearly a thousand 
times above the expected back- 
ground levels. 

• While apparently useless for 
power production, the low-level 
studies do point towards solving 
some sticky geochronology prob- 
lems, and have opened up major 
thinking about new directions for 
fusion research. 

• Separately, a few labs {some- 
where between 4 and 35, depend- 
ing on who is counting and who is 
talking) have demonstrated a very 
substantial heat generation in test 
setups which far exceed their elec- 
trical energy input and which ap- 
pear to be way in excess of what 
you would expect from any rea- 
sonable or easily explained chemi- 
cal reaction. To date, the argument 
that high-level cold fusion is taking 
place is based on a "What else 
could it possibly be?" theory. 

• Apparently, the metallurgy of 
the palladium anodes is very crit- 
ical, and there is some other black 
magic involved which certain re- 
searchers refuse to talk about. At 
least so far. 

• The big reason for worrying 
about whether the excess heat 
production is really cold fusion or 



not is that any chemical reaction 
would require some earlier energy 
input. 

• All cold fusion would require is 
nickel-a-gallon heavy water. Thus, 
if the reaction is physical, chemi- 
cal, or simply a subtle form of a 
catalyzed hydrogen explosion, we 
will probably end up with an im- 
proved yuppie ski-boot heater, or 
a possible new direction for bat- 
tery research. 

• If the reaction is, in fact, cold 
fusion, then we now have the de- 
velopment of the century, if not 
the millennium. 

So what's a hacker to do? First 
and foremost, get and keep in- 
formed! The best places to do that 
are the News and Comments sec- 
tion from Science magazine; in 
the Technology columns (usually 
on page B-4) of your Wall Street 
Journal; and the many on-line re- 
sources of the Dialog Information 
Service at your library. 

What you want to watch out for 
is something someplace that says 
"Do exactly this exactly this way, 
and the odds will be very high that 
you will get excess heat produc- 
tion." Then go for it. But till then, 
there's no sense in buying pal- 
ladium rods that end up with the 
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wrong metallurgy or involve other 
fundamental problems. 

I will let you knowwheretolook 
next, just as soon as I find out my- 
self. 

Meanwhile, there appears to be 
nothing but bad news from the 
high-temperature superconduc- 
tor research these days. It seems 
that there are some very funda- 
mental (and possibly insurmoun- 
table) reasons why all the known 
types of the high-temperature su- 
perconductors appear to be un- 
able to ever support the extreme 
current densities needed to levi- 
tate trains or make commercial 
power distribution more efficient. 
See Science magazine for the 
ongoing bad news. 

For some good news, we have a 
tinaja quest winner from our 
phase place contest. And he has 
some great new free stuff for you, 
namely an IBM Pascal program 
that can directly generate full color 
or hard-copy Lorenz attractor 
"owl's mask" chaotic trademarks 
for you. Just send a disk and a 
postpaid return package to Toni 
Patti of the Cryptosystems journal 
for your free copy. If you can afford 
to, it wouldn't hurt to throw in an 
engraved portrait or two of Abe 
Lincoln for his trouble. 

Our big feature for this month 
involves several new humidity- 
sensor products. But first... 



Mystery chip solved! ^ 

Every once in awhile, some new m 

chip comes along that every w 

hacker wants to glomp onto, in 3 

one way or another. So much so j$ 

that I've been getting over a dozen S 
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catis a day on this one. This dude is 
a stereo FM modulator chip, in- 
tended to wirelessiy coupSe a CD 
player to a FM car radio. And do so 
with top quality. 

Now, the normal way you find 
out about new hacker chips is 
through all of those electronics 
trade journals. Especially E.E. 
Times, Electronics, EDN, Elec- 
tronic News, Electronic Design, 
Electronic Products, and the 
Electronic Component News. As 
per usual, you get addresses on 
those and the 55,000 other trade 
journals (many free to qualified 
subscribers} through Uhlricht's 
Periodicals Dictionary on the ref- 
erence shelf at your library. 

A second way of getting at chips 
is by going to those low-cost ECG 
and NTE directories. They a re great 
for leafing through backwards on a 
chip pinout-by-pinout basis to get 
at the good stuff. And they do sell 
single quantities of most listed 
chips on a no-hassle basis. 

This particular chip hasn't made 
ityettothetrade journals. The CD- 
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HANDS-ON BOOKS 

Hardware Hacker Reprints II 24.50 

Ask The Guru Reprints I or H 24.50 

CMOS Cookbook 18.60 

TTL Cookbook 16.50 

Active Filter Cookbook 15.50 

Micro Cookbook vol I or It 16.50 

Enhancing your Apple I or II 17.50 

AppleWriter Cookbook 19.50 

Apple Assembly Cookbook 21.50 

Incredible Secret Money Machine 10.50 

LaserWriter Reference (Apple) 19.50 

PostScript Cookbook (Adobe) 16.50 

PostScript Ret. Man. (Adobe) 22.50 

PostScript Prog. Design (Adobe) 22.50 

UNLOCKED SOFTWARE 

PostScript Show & Tell (lle/Mac.'PC) 39.50 

Intro to PostScript VHS Video 39.50 

PostScript Perspective Draw 39.50 

PostScript Beginner Stuff 39.50 

PostScript Technical llluslrations 39.50 

PostScript Work in Progress 39.50 

PostScript BBS stuff 19.50 

Absolute Reset lie & lie 19.50 

Apple Writer' LaserWriter Utilities 49. SO 

Enhance I or II Companion Disk 19.50 

AppleWriter CB or Assy C8 Disk 24.50 



FREE VOICE HELPLINE 



VISA'MC 



SYNERGETICS 

Box 809-RE 

Thatcher, AZ 85552 

(602) 428-4073 



CIRCLE 83 ON FREE INFORMATION CARD 



to-FM converter is a Rohm part 
number BA-1404, and is available 
through lay Ohm Electronics. Cost 
is around $1.50 each in lots of 
twenty. 

Ready-to-go kits are also listed 
in several classified-ad sources 
here in Radio-Electronics, and in 
the Nuts and Volts shopper. 

I don't have my samples yet, so 
we'll hold off on full details for a 
column or two. But for the first 
contest this month, just tell me 
what you would do with a cheap, 
low-power, high-quality stereo FM 
broadcaster chip. 

There'll be all the usual 
Incredible Secret Money Machine 
books for the better entries, along 
with an all-expense-paid (FOB 
Thatcher, AZ) tinaja quest going to 
the very best of all. 

Be sure to send all of your en- 
tries directly to me per that Need 
Help? box, and not to the Radio- 
Electronics editortaf offices. 

Book-on-demand publishing 

Those of you that are following 
my sister column to this one over 
in the Computer Shopper maga- 
zine know that I am doing book- 
on-demand publishing in a very 
big way. 

Very simply, you can now pro- 
duce books on any subject while 
using nothing but a PostScript 
laser printer on your kitchen table, 
and do so fully professionally, and 
at the costs and quality levels that 
today can match and often surpass 
jiffy printing. 

YoLi can now literally beat your 
own book out on a brick in the 
back yard, and have it turn out as 
good as commercial publishing. 

Among the many overwhelming 
advantages of the book-on-de- 
mand printing are that the author 
can be paid as much as a 50 per- 
cent royalty of your final selling 
price; that the production time 
gets measured in minutes rather 
than months; that no monumental 
(and non-refundable!) front-end 
costs are involved, since you only 
print the books you need at any 
given time; that the customer's 
name can be custom printed in 
gold on the cover; that your back 
list can continue forever without 
any inventory tax and similar IRS 
penalties; that review and promo- 
tional copies are available twenty 



minutes after the author submits 
his manuscript; and that changes, 
revisions, or updates can be made 
at any time. 

If we were to sum up four years 
of research and countless Ask the 
Guru columns into five book-on- 
demand rules, they would be as 
follows: (1) use only a later version 
PostScript speaking laser printer; 
(2) use a local hard-disk directly 
attached to your printer; (3) do all 
your own cartridge refiling to get 
your toner costs under 0.33 cents 
per page; (4) use duplex (two 
sided) printing if possible; and (5) 
compile your PostScript run-time 
code to eliminate or minimize 
page make-ready times. 

So what does all that have to do 
with our hardware hacking? Just 
this— the new or used printing ma- 
chinery is outrageously expensive 
and most used-printing-equip- 
ment salesmen are totally useless 
and incredibly arrogant epsilon 
minuses. There is a whole new 
world of laser printing out there 
that needs brand-new and ultra 
low-cost designs of small-scale 
press and bindery systems. 

For instance, in previous col- 
umns we've seen a low-cost sub- 
stitute for the grossly overpriced 
Kroy and Omnicrom fusion ma- 
chines. And I am currently work- 
ing up a new method to convert a 
$25 Sander into a paper jogger. The 
stuff we really need, though, is a 
clamping guillotine paper cutter 
that costs the end user less than 
$99; cheap folders and padders, 
low-cost home binding systems 
that could use any cover materials 
and support spine printing; paper 
drills; sane color-proofing tech- 
nology; home foil hot stamping 
systems; slitters and perforators; 
cheaper "print on anything" pad 
printers; new die-cutting meth- 
ods; laser-compatible thermogra- 
phy solutions; etc., etc. 

To get an idea of what is needed, 
pick up a free copy of 7/ie Printer's 
Shopper, and open it to nearly any 
page. Then figure out how to re- 
duce all the prices by not less than 
5:1, 

I suspect that your ultimate ap- 
proach would be build-your-own 
kits of only the essential parts 
needed for any of those. And all 
you hardware hackers have the in- 
side track on that sort of thing. Go 



for it. 

So, as a second contest this 
month, just show me any ultra- 
cheap way you can think of to slash 
the end-user cost of any printing 
or production equipment that Is 
suitable for use with home book- 
on-demand publishing. 

Let's have your input on this sub- 
ject. It's a hot topic with unlimited 
potential. 

Fundamentals of humidity 

The price of hacker humidity 
sensors is at long last dropping 
down into the $5 range, so I 



HUMIDITY RESOURCES 
Abbeon-Cal 

123 Gray Ave. 

Santa Barbara, CA 93101 

(805) 966-0810 

Edmund Scientific 

101 E. Gloucester Pike 

Barrington, NJ 08007 

(609) 573-6250 

Fair Radio Sales 

Box 1105 

Lima, OH 45802 

(419) 223-2196 

General Eastern 

50 Hunt St, 

Watertown, MA 02172 

(800) 225-3208 

Heathkit 

PO Box 1288 

Benton Harbor, Ml 49022 

(616) 982-3200 
Measurement & Control 
2994 West Liberty Ave, 
Pittsburgh, PA 15216 
(412) 343-9666 
Mitsubishi/Shtbaura 
520 Madison Ave. 

New York, NY 10022 
(212) 605-2146 
Omega Engineering 
Box 4047 

Stamford, CT 06907 
(203) 359-1660 
Panametrics 
221 Crescent St. 
Waittiam, MA 02254 

(617) 899-2719 
Phys-Chem Scientific 
36 West 20th St. 

New York, NY 10011 
(212) 924-2070 
Pollution Equipment News 
8650 Babcock Blvd. 
Pittsburgti. PA 15237 
(412) 364-5366 
Weathertronix 
1165 National Drive 
Sacramento, CA 95834 
(800) 824-5873 




FIG. 1— THE ALLOWABLE AMOUNT OF WATER VAPOR in air is a very strong function of 
temperature. Absolute humidity is a direct measure of that amount, expressed in parts 
per million or similar units. Relative tiumidity is instead a percentage ratio of how mucti 
moisture is really present, compared against ttie maximum allowed for the current 
temperature. 
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DRY BULB TEMPERATURE T 
2— WEATHER FORECASTERS OFTEN will use a wet-bulb dry-bulb sling psy- 



chrometer to measure ttie relative humidity. Ttie lower ttie humidity, the more the evap- 
orative cooling of the wet bulb, and the lower its temperature. This graph calculates the 
relative humidity for you. 



thought that we might review just 
what humidity is and how we 
might sense it. 

"The humidity" is simply how 
much water vapor is present in the 
air at any particular time. That gets 



very important for weather fore- 
casting, air conditioning, environ- 
mental monitoring, process con- 
trols, home comfort, and cave 
studies; a!so in energy manage- 
ment, and it can become 
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positively crucial in wildland fire 
fighting. 

Air consists of a mixture of many 
gases which is mostly "Aths nitro- 
gen and Vsth oxygen. Since water 
vapor is also a gas, it can form a 
mixture with the other gases in air, 
following a chemical law of partial 
pressures. The maximum amount 
of water vapor possible in the air 
will vary with the exact air com- 
position and the atmospheric 
pressure. It also changes very 
strongly with temperature. 

One way to measure the amount 
of water in air is in parts per mil- 
lion. At zero degrees Fahrenheit, 
the maximum amount of allowable 
water vapor in the air is around 
_ 1200 parts per million; at 100 de- 
grees Fahrenheit, your maximum 
allowable amount of water vapor is 
something like 63,000 parts per 
million. 

This temperature relationship is 
very non-linear. Rule number one 
in humidity sensing is that humidi- 
ty is a very strong and a highly non- 
linear function of temperature; 
you always have to measure and 
specify your temperature at the 
same time you make your humidi- 
ty measurement. 

There are two ways of specifying 
humidity: adso/ufe and relative. 

The absolute humidity is how 
much water vapor that really is 
present at a given temperature, 
and is expressed in parts per mil- 
lion, grains per pound, or in some 
similar way. The relative humidity 
is the percentage of water vapor 
that's present as a ratio of the max- 
imum allowable for the current 
temperature. 

Figure 1 shows the relationship 
between the two. Air that holds all 
of the water vapor it possibly can at 
some temperature is said to be 
saturated. Try to add any more 
water vapor to the air and it will 
rain on you, or else turn to fog. Air 
that holds no water vapor at all is 
said to be dry air. 

Totally saturated air has a relative 
humidityoflOOpercent. Totally dry 
g air has a relative humidity of per- 
z cent. Air that holds half the allowa- 
§ ble moisture has a relative 
u humidity of 50 percent. 
ij Cool air can not retain as much 
^ water vapor a warm air can. Thus, 
D as you lower the temperature, you 
cc often will raise your humidity, and 




FIG. 3— PRECISION LABORATORY MEASUREMENT of relative humidity is done l)y chill- 
ing the air to its dewpoint to lind the equivalent air temperature forfull saturation. Usually 
a servo-driven mirror will fog or frost at the dewpoint, altering a sensing beam of light. 
Dewpoint measurements are best used at the higher humidity and temperature ranges. 
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FIG. 4— THIS NEW ABSOLUTE HUMIDITY SENSOR from Shibaura makes use of the 

difference of thermal conductivity between dry and humid air to produce an output 
voltage. Both thermistors are run in their self-heating range. 



vice versa. In particular, cooling air 
conditioners have to condense 
out some water as the temperature 
is lowered. 

There is often a condensate 
pump or a condensate line in air 
conditioners to dispose of the 
"rain" that results as you cooi the 
air. In some parts of the country, 
the evaporative coolers, or 
"swamp boxes" purposely inject 
water into the air. The evaporation 
lowers the temperature and raises 
the humidity. 

Unfortunately, evaporative 
coolers are really useful only in the 
driest of climates. They can get un- 
bearably muggy elsewhere. 

Humidity sensors 

As you might guess, there are 
many different methods of mea- 
suring both absolute and relative 
humidity. They depend on the ac- 



curacy you need, and each meth- 
od will work best over some spec- 
ified range of temperatures and 
relative humidities. 

The Humidity Resources sidebar 
shows you some of the many 
places to go to get info on humidi- 
ty sensors and sensing systems. 

The simplest humidity sensor is 
a long, unwashed blond hair. This 
is an example of a hygroscopic ma- 
terial that will get longer or shorter 
as it absorbs or releases the water 
vapor. Some nylon cords are also 
moisture sensitive. For years, 
there have been Honeywell hu- 
midity sensors based on a nylon 
strip, that have been kicking 
around the surplus market. One 
$1.95 source for them is Fair Radio 
Sales, as stock #H46B1150. 

Dial-type analog humidity dis- 
plays are available in small quan- 
tities from Abbeon-CAL, Heathkit, 
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Advanced Micro Devices 

PO Box 3453 

Sunnyvale. CA 94088 

(408) 732-2400 

Computer Shopper 

5211 South Washington 

Titusvile, FL 32780 

(407) 269-3211 

Crypto systems Journal 

9755 Oatley Lane 

Burke, VA 22015 

(703) 451-6664 

Crystal Semiconductor 

4210 S. Industrial Dr. 

Austin, TX 78744 

(800) 888-5016 

Dialog 

3460 HHiview Ave. 

Palo Alto, CA 94304 

(415) 858-2700 

Dinsmore Instrument 

1914 Remell St. 

Flint, Ml 48503 

(313) 744-1330 

EGG 

70 Empire Dr. 

W Seneca, NY 14224 
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or Edmond Scientific. 

The traditional weather-fore- 
casting method of measuring rela- 
tive humidity is with a sling 
psychrometer. With a psy- 
chrometer, you have two ther- 
mometers. One is kept dry, while 
the other is kept wet with a 
moisturizing wick. What you have, 
in essence, is a miniature evap- 
orative cooler. The wet-bulb tem- 
perature will suppress as the 
evaporating water cools it. The 
amount of suppression can be re- 
lated to your humidity simply by 
following the curve of Fig. 2. 

In practice, the wet-bulb dry- 
bulb setups do not perform all that 
accurately, owing to water con- 
tamination and deposit buildups. 

The traditional laboratory meth- 
od of measuring relative humidity 
is by lowering the temperature un- 
til it rains or fogs, and then mea- 
suring that dewpoint temperature 
where the air becomes fully satu- 
rated with water. 

In many instruments, a chilled 
mirror gets thermoelectricaliy 



cooled. A light beam bounces off 
the mirror. If the mirror is not fog- 
ged, the light beam reaches a pho- 
tosensor. If the mirror fogs at the 
dewpoint, the light beam diffuses 
and causes a different reading. 
Normally a servo system is used to 
continuously track the dewpoint 
overtime. 

The dewpoint is different from 
and lower than the wet-bulb tem- 
perature. That happens because of 
the highly non-linear relation be- 
tween the temperature and hu- 
midity. Figure 3 shows you the 
relationship between dewpoint 
and relative humidity. 

In general, dewpoint instru- 
ments are quite accurate and quite 
costly. They also will work across 
the full range of relative humidities 
and are one of the few methods 
which can accurately measure ex- 
tremely high humidity values. 

There are a numberof electronic 
humidity sensors, and the prices 
are finally dropping to a point 
where they are of hacker interest. 
For instance, Phys-Ctiem Scientific 



has a line of humidity sensors that 
are based on the surface resistivity 
of a custom polymer. Their resis- 
tance changes as a non-linear 
function of relative humidity. Sur- 
face sensors of that type tend to be 
fast, but they are also sensitive to 
contamination. 

The Panametrics people have a 
line of Minicap humidity sensors 
that do, in fact, drop down to $5 
per unit in large quantities. These 
sensors are essentially a capacitor 
whose dielectric is humidity-sen- 
sitive. Unlike the surface-sensing 
units we just looked at, the sens- 
ing takes place throughout all the 
volume of the material. The sensor 
works best at medium relative hu- 
midity values. While less sensitive 
to contamination, the response 
time can also be longer. Since the 
sensor is basically a capacitor, it 
lends itself very well to low-power 
sensing. The CMOS 555 timer can 
be used with it to convert relative 
humidity to frequency. 

The big news this month, 
continued on page 74 
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THE FEATURES, FUNCTIONS, AND CA- 

pabilities of today's autosound 
equipment are remarkable — and 
were certainly undreamed of 
when I did car-audio repairs and 
installations at a Delco-Radio war- 
ranty station in Queens, New 
York. It was my first civilian job 
after an 18-month stint in the U.S. 
Army Signal Corps. 

The new car radios that I han- 
dled in1949were impressive by the 
standards of the day. Push-pull 6V6 
or 6K6 output tubes provided 8 to 
10 watts of power — which was 
about as high as you were likely to 
find in the typical home console 
radio. All of the sets had vibrator- 
driven transformer power sup- 
plies that were a sort of mechanical 
version of today's solid-state 
switching power supplies. The 
supplies provided 250 volts or so to 
the plates and screen elements of 
the output tubes, while the tube 
filaments were directly heated by 
the car's 6-volt battery. As many as 
seven tubes were found in the 
higher powered sets with their ex- 
tra RF stages and push-pull output 
circuits. Although primitive by to- 
day's standards, the radios were 
the end product of a long evolu- 
tionary process that started during 
the late 1920's. 

The first "car" radios were actu- 
ally big battery-operated sets in 
wooden cabinets that were 
wrested out of their normal living- 
room locations and into the back 
seats of cars. Of course, the sepa- 
rate horn had to come along, too, 
unless you were content with 
headphone listening. Despite all 




FIG.1 



the effort, the electrically noisy au- 
tomotive ignition systems of the 
day eliminated any possibility of 
music on the move. But if you were 
parked with your motor off in an 
area of reasonable reception, and 
if your antenna was good enough, 
you could usually find something 
to listen to. Some of the early pho- 
tos show home-grown antennas 
strung high over a car on front and 
back T-bars that bear a striking re- 
semblance to backyard clothes- 
lines. 

Dedicated car radios 

Since radio in those days was 
very much of a build-it-yourself 
hobby, it wasn't long before some 
drivers began assembling and in- 
stalling sets designed specifically 
for car use. Their task, I imagine. 



was not too much different from 
that faced by today's autosound in- 
stallers dealing with high-powered 
triamplified multi-speaker sys- 
tems. In other words, where do 
you fit all the parts? 

The radio's electronic compo- 
nents were housed in a metal cab- 
inet about the size of a large bread 
box, and it was connected to a sep- 
arate enclosed speaker the size 
(and shape) of a hat box. The vol- 
ume and tuning controls were 
usually housed in a separate small 
module, which was clamped to 
the steering column and 
mechanically linked to the elec- 
trical components within the chas- 
sis box. The "aerial" might be a 
large grid of chicken wire hidden 
beneath the car's cloth-covered 
roof. The separate tube-filament 
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"A" batteries, high-voitage "B" bat- 
teries, and bias "C" batteries were 
installed, if possible, under the 
car's floorboards. To ease the in- 
stallation task, companies such as 
Chrysler, Studebaker, Pierce-Ar- 
row, and others shortly began 
building cars with built-in-roof an- 
tennas and the required floor-cut- 
out battery compartments (see 
Fig. 1). 

Eventually, shielding techniques 
and "suppressors" were de- 
veloped that reduced electrical-ig- 
nition noise to an acceptable level 
for music on the go — and OEM 
car-radio installation took off. In a 
promotional effort late in 1929, the 
Automobile Radio Corporation 
joined forces with a large New 
York City Dodge dealer in a suc- 
cessful 30-day showroom demon- 
stration. By 1930, 34,000 units had 
been sold, and the car radio was 
slowly evolving from a novelty to a 
necessity. Despite magazine arti- 
cles claiming that radios kept driv- 
ers awake and alert, more than 
one locality tried to pass ordi- 
nances against them on the 
grounds that they caused loss of 
attention and drowsiness and 
could even distract the drivers of 
other cars. The Radio Manufactur- 
ers /Association (RMA)— now the 
EIA — successfully fought all such 
efforts to outlaw car radios. 

When cars with solid-steel tops 
appeared in 1934, the chicken-wire 
grid in the roof was suddenly no 
longer a feasible antenna option. 
All sorts of alternative locations for 
the antenna were tried, including 
a wire strung under the running 
board. As radios became more 
sensitive, the whip antenna be- 
came a practical and easy-to-install 
alternative, and it's been in use 
ever since. 

Car-radio sales really took off 
during the post-WWII boom. In 
early 1947, the National 
/Association of Broadcasters (NAB) 
reported that there were over 
seven million sets on the road. Of 
course, they all used tubes and 
were AM only. FM was barely off 
the ground as a broadcasting me- 
dia, and the invention of the tran- 
sistor was about a year away. In the 
late fifties, FM was finally judged 
sufficiently popular to warrant its 
use in a car. !t first appeared as an 
optional below-dash adaptor de- 



signed to be connected to the ex- 
isting radio. By that time, the AM 
radio itself had evolved into a 
sleek unit, only a little larger than a 
cigar box. 

Hybrid radios 

In the mid-I950's, transistors be- 
gan to appear in consumer 
products, but it took several more 
years before they found their way 
into car radios. A 1960 Lafayette ra- 
dio catalog offered several models 
with "transistor powered" chassis. 
The sets were actual "hybrids" in 
that the transistors were used only 
in the output circuits and the rest 
of the functions were handled by 
tubes. The advantage of such a 
configuration was that the newly 
developed RF tubes, like the out- 
put transistors, could work di- 
rectly from the car's 12-volt battery, 
thus eliminating the need for a 
high-voltage supply with its trou- 
ble-prone vibrator. 

The transistor-output circuits 
had the virtues of cool operation 
and very low current drain, but 
they did result in lower power-out- 
put ratings and some strange out- 
put impedances. I remember 
installing a hybrid AM/FM 
Motorola that required a 32-ohm 
speaker. In the early 1960's, stereo 
came to FM, but not yet to the car 
radio. Considering the barely ade- 
quate specs of the typical FM set, 
it's likely that the engineers found 
that a stereo FM radio had exces- 
sive multipath and signal-fluctua- 
tion problems in a moving vehicle. 
In fact, it was well into the 1970's 
before AM/Stereo FM car radios 
became commonplace. 

Tape players appeared some- 
what earlier, particularly on the 
West Coast. A 4-track Fidelpac- 
based machine made a brief show- 
ing but was shortly swamped un- 
der by the proliferation of the 8- 
track format. It was only after the 
early success of 8-track car players 
that North American Philips decid- 
ed that cassettes might also be a 
viable source of mobile music. 

Future formats 

)udgingfrom the numberof pro- 
totypes 1 saw in Japan, the 
Japanese at one time were se- 
riously considering making the 
microcassette a hi-fi medium for 
both home and car. But either the 



task proved too difficult (which I 
doubt) or they were diverted by 
other formats that they considered 
more promising. Speaking of 
promising formats — despite all the 
promotional efforts, I'm not op- 
timistic about widespread public 
acceptance of CD car players — and 
I feel only slightly more positive 
about DAT. 

As to convenience, the DAT for- 
mat has more going for it than CD, 
but I doubt that the typical car- 
sound buff will rush to trade in a 
high-quality cassette player for a 
DAT machine whose only real ad- 
vantage is extra playing time and 
convenient random access — par- 
ticularly considering how costly it 
will be to buy and feed. As with 
CD, the genuine sonic advantages 
of DAT are unlikely to be heard in a 
moving vehicle. Within a year or 
so, we should know whether CD 
and DAT were able to successfully 
take their shows on the road. R-E 
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I VE BEEN PUTTING THIS OFF FOR A FEW 

months now, but it's time to wrap 
up tine EPROM contest tinat I ran 
some montins ago. There were lots 
of entries and I was really im- 
pressed with both the nunnber of 
entries and the amount of time 
that was put into some of them. 

It's been some time since the 
contest started so, before we look 
at the entries and start handing out 
medals, let's go over the rules. 

The contest 

The rules were really simple. We 
had spent some time talking about 
custom-character generators and 
had gone through the design of 
one using a 2716 EPROM. That 
worked out well but a lot of the 
space in the EPROM was wasted. 
The simple design we started with 
used only four of the EPROM's 
eleven address lines, and even the 
complex one we ended with (it did 
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hex and some ASCII characters) 
used only eight of the address 
lines and also left lots of holes in 
the 2716. 

The aim of the contest was to 
develop a use for all the remaining 
space in the EPROM, given that the 
basic purpose of the EPROM was 
as a custom-character generator 
for seven-segment LED displays. 

The mail 

It's terrific to get reader mail be- 
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cause, aside from letting me know 
that people actually read this stuff, 
it also indicates whether ornot I'm 
explaining things clearly. And in 
going through the contest mail, it 
became evident that some of you 
are a bit confused about what an 
EPROM actually is. 

Without mentioning names, 
several entries suggested (occa- 
sionally at great length and consid- 
erable detail) using an EPROM to 
do a variety of math and logical 
operations. It would be nice if you 
could do those things, but things 
are only what they are. 

An EPROM can only output what 
it's stuffed with in the first place. 
The closest you'll get to having an 
EPROM do something like math is 
to use it as a state machine to do 
oddball logic decoding. That's 
really what's going on with the 
custom-character generator, but 
it's a far cry from some of the sug- 
gestions that came in the mail. 

Let's put a cap on this by point- 
ing out that an EPROM isn't the 
kind of memory you can re- 
program on the fly. In essence it's 
just a passive device and, as such, 
you can't expect it to change as 
circuit conditions change. A pro- 
grammed EPROM isn't anywhere 
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near the same as a programmed 
microprocessor. The words may 
be the same but that's where any 
kind of similarity ends. 

Some of the entries included 
ways to display the entire ASCII 
character set on a seven-segment 
LED. That's great in theory, but un- 
less you're willing to devote a 
portion of your life to remember- 
ing how to translate some weird 
looking characters, it's not a very 
practical thing to do. The character 
set we developed was shown in 
Fig. 1 in the March, 1989 column. 
We did only a small portion of the 
ASCII set and, as you can see, even 
some of the ones we did choose 
weren't exactly what Albrecht Du- 
rer would comfortably refer to as a 
"well-formed character." 

When it comes right down to it, 
seven-segment displays were 
made to display numbers, and it's 
only by a stroke of luck that you 
can also get it to display all the hex 
numbers as well. 

The rest of the entries were from 
people who understood the limits 
of the display and concentrated 
their efforts on increasing the 
amount of things you could do 
with the display. In general, those 
included adding some of the fea- 
tures you'd find in a standard MSI 
display chip like a 7447, 4511, 4543, 
or any of the others. That includes 
things like lamp testing, display 
blanking, and the ability to handle 
more than one seven-segment dis- 
play. That last one wasn't strictly 
the kind of thing addressed (no 
pun intended) bythe contest since 
it does take some external parts, 
but it's a neat idea otherwise. 

The envelope please 

It's hard to pick one winner 
when there were so many terrific 
entries, but that's what I have to 
do. However, before I pick the 
winner I'd like to thank everyone 
who took the time to send in an 
entry. I know (believe me, I really 
do know) how much time it takes 
to put an idea into practice. If 
you're one of the people who sent 
something in, you should award 
yourself nine design points and I'll 
keep a special eye on the mail for 
anything else you'd care to send 
in. 

Before 1 congratulate the win- 
ner, let me announce the three 



runners up. They are Heath Kehoe 
of Waterloo, Iowa, Christopher 
Eddy of Pittsburgh, Pennsylvania, 
and Steve Trapp of Columbia 
Heights, Minnesota. And now, the 
winner of the contest is Randall 
Logan of Coquitlam, British Co- 
lumbia in Canada. He decided to 
use the EPROM to convert eight- 
bit binary data into either hex or 
decimal and then add some addi- 
tional circuitry to allow the EPROM 
to control four digits. 

The block diagram of his circuit 
is shown in Fig- 1, The best use for 
the circuit, as Randall pointed out, 
is to display port status. That could 
be an eight-bit port on a computer, 
the end product of an eight-bit A- 
to-D conversion, and so on. 

The EPROM's address lines are 
divided into three groups. One 
line (AIO) is the page-select control 
for choosing either hex or decimal 
characters. The A2-A9 lines are the 
data inputs, and they actually se- 
lect the character pattern you want 
at the EPROM outputs. The last 
group is made up of the lower two 
address lines and it selects the dig- 
it you want the output character 
displayed on. 

If you want to use the circuit to 
convert binary to hex, you'll be 
using only two of the displays 
since two hex digits can handle 
eight bits of binary. The idea of 
using the circuit to convert binary 
to decimal is cute and it's a good 
one to remember. 

Each decimal number is stored 
in the EPROM in the form of four 
sequential bytes. Assuming that 
the A segment on the display is 
controlled bythe EPROM's DO out- 
put, the B segment by D1, C by D2, 
etc., and D7 controlling the deci- 
mal point, a decimal display of 0127 
would be stored as 3Fh, 06h, 5Bh, 
07h (see Fig, 2), For a common- 
cathode display, those bytes 
would light the segments needed 
to display 0127. That's a kind of 
brute-force method for con- 
version to decimal numbers, but 
it's also a neat way to get the job 
done. 

You may find it a bit misleading 
to have four digits there, since the 
circuit needs only two of them for 
hex and can handle only three of 
them for decimals. It's certainly 
possible to do away with one of 
the displays but, as Randall men- 



tions in his letter, the fourth digit 
lets you display either signed or 
unsigned decimal. If you're using 
signed decimal, the first digit in 
the display can be turned into a 
dash by lighting just the G seg- 
ment (a 40h in the EPROM), indi- 
cating a negative number. 

The display multiplexing in Ran- 
dall's circuit is done in a very 
straightforward fashion. A scan os- 
cillator drives a counter whose 
first two outputs are connected to 
the EPROM's two low-order ad- 
dress pins as well as to the two 
select inputs of a two- to four-line 
decoder. When the first digit is se- 
lected, the first of the four num- 
bers is present on the EPROM 
outputs, selectingthe second digit 
selects the second in the se- 
quence of four bytes, and so on. 

The idea of stuffing the EPROM 
with four sequential bytes is an 
original way to do binary-to-deci- 
mal conversion — it's also what 
made Randall's idea stand out from 
all the others. I'm filing it carefully 
away and I strongly suggest that all 
of you do the same. Good ideas 
are really rare; and any time you 
come across one you should treat 
it like gold. 

The counter and two- to four- 
line decoder in the diagram can be 
any ones you want to use (al- 
though the decoder has to have 
active high outputs). Your choice 
should depend on the logic family 
that you feel most comfortable 
using, and also what chips you 
happen to have around when 
you're building the circuit. 
Nothing is particularly critical, 

Randall says that he has also 
written a program in BASIC to gen- 
erate the EPROM data. If he sends 
it to me, I'll print it in the column 
and also put it on the RE BBS. 

Once again, congratulations on 
your design, Randall, and 1 hope 
you enjoy your year's subscription 
to Radio-Electronics. R-E 
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HARDWARE HACKER 



continued from page 69 



though, is that there is a brand 
new, accurate, and cheap way of 
measuring absolute humidity that 
can completely bypass all the 
problems of all the relative humid- 
ity methods we've just looked at. A 
typical example is the HS-5 sensor 
from Shibaura, which is dis- 
tributed by Mitsubishi. Figure 4 
shows the sensor. 

It uses a sneaky and indirect way 
of measuring the humidity. The 
thermal conductivity of the air var- 
ies with humidity, being lowest 
with dry air and highest at the 
high-humidity values. That's one 
reason why dry air is generally far 
more comfortable than humid air. 

A pair of thermistor sensors is 
used. One is hermetically sealed 
into a container holding extremely 
dry air. The other lies inside a sim- 
ilar container that has access to the 
ambient air. Since both containers 
are in contact with each other, they 
should both remain at the same 
temperature. 

Currents are then applied to 
both thermistors in a bridge ar- 
rangement. Both thermistors are 
run up into their non-linear self- 
heating range. The dry sensor will 
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FIG. 5— LOW-END DIGITAL COMPASS is ctieaper than a ftuxgate but has a very poor 
resolution. Hall-effect sensors are used to drive the LED outputs as shown here. Eight- 
point LCD compass rose displays are also possible. 



lose very little heat through ther- 
mal conductivity, while the wet 
sensor will lose heat in proportion 
to the humidity present. The result 
will be an output voltage dif- 
ference that's related to absolute 
humidity for a given temperature. 



Pricing in large quantities is in 
the $5 area. The sensor would 
seem to work best where enough 
power (half a watt) is available to 
keep it up at its operating tem- 
perature, and where an output 
computer can do all of that lin- 
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READY-TO-USE PROFESSIONAL 
INSTRUMENTS NOW FROM HEATH 

Backed by the expertise that makes our instruments famous 



• An engineering department that insists on honest value in 
every pioducL 

• Rigorous quality assurance inspection. 

• Full one year warranty. 



Outstanding manuals with complete specifications, 
operating instructions, sch^natics and more. 
Technical assistance hotline: (616) 982-3315. 
Our own factory sovice departmeait. 




ADMM 
THAT'S 
GOT 
ITALL 



This powerftil handheld does more than any DMM weVe seen. It lets 
you measure frequency to 20 MHz, works as a logic probe to 20 MHz, 
tests transistor beta, measures capacitance plus docs eveiything 
you'd expect a DMM lo do. Even measures rraistance to 2000 Mil! 
SM-2372 .$99.95 

SpKi&itku: Ai 23 tr C. IX: VidK MJft Df RiH&icll £|it, 200 aV -leOO V. It{M isifediDa 
lOMO. OnricKiiiwctiizi: 200 mV nuv, 300 VDCB50 V AC 1 5 MOBdi. Odnnate*. 1200 VIX;f 
UO VAC, £0 iHxiidl. AC Veltt lOO mV-130 V. Accnm^ ±1 jO « o[ nxdmt 1 4 dicibsiciiil t .5% 
m 150 V nop. DC An^K 200 |1A-10 A. ±1 « << nalBW ±1 difil dCifit 2J) % u 10 A aB«B. AC 
An^K 20O llA-10 A, Acancy ±1.2% of mdi^l 4 diva ncxp ±2ft dd LO A. UmillmxxlJOaa- 
2a0OMaCh«dDKlPniBctiiii,2OOinVniivi,3O0 VIX79S0 VACtix ISiocaidi: Odnnaat*. 1200 
VDOSJO V AC Eor M Hcmiti. apKituics: 2 nF-20 JlP. Fnquoicy: 2 KHi-2a MHi. [jiiik: Tn. D 
20 MHl OlbcK Dkxb «!«, coDIinuIy besps, beu. 



ONE 
OF OUR 
BEST 
SELLERS 



Here's a 3-1/2 dig^t DMM that will give you excellent and reliable 
service. Full DMM functions include current to 10 A, capacitance 
and transistoT beta. A lined canying case keeps your DMM safe from 
the bumiK and scrapes of everyday use. Kit version also available. 
SM-2320 $77.95 

SlBciGcuimi: DC VdB: 200 mV-l OOO V ±0 J« ofiodkctl HvL OntawIpnKiaxii: 1000 VIX:/ 
790 V AC ciczpt SXn JO en 200 mV . IifA 1 Ma AC Vda: 200 mV-TM V ±1 J»l gf IBK&it t4 
■11^.40Hi.l0kHi. Oralwl: 1000 VI>CVT50 VACcios^ SXV35()<iii 200niV. IqHI 10 MQ. DC 
ABf>: 300 llA.lO A, ±1 « nf istdmi ±1 (£«it nccpt ±24ttt3 ditte en 1 A. AC cnmiE 20 mA-lO 
A ±1 J« ±3 difiti aaefit ±2.S*/i4 di^ m 10 A. a— ;— ™- 300 (1-20 MO. Oyalomaprimam, 
500 VDOV AC CkpKillDCt: 2d?-20 |lF. OiIibc: dioila dsck, cosmiuly bnpx, teu. 




HALF 

PRICE 

SPECIAL! 




ONLY 

$12.47 



Order any product from this ad arid get our popular shirt pocket 
miniature DMM SM-2300-A for only $12.47 — half our regular 
price. 

SpKffiotiofia: Auloranging 3-1/2 digit OMM. CX; voKt: 2000 nv to 460 V. ±1 .3% ±4 oounti. 
Approi. 1 1 Ma Input tMMoncs. Max hput,4S0 VtX:. ACvolt>:2000mV1o450V.±2.3%lB 
counli. 50 to 400 Hi. Apfirai. 1 1 Mi kiput mlttmnca. Max Input. 450 V, R«tkt»K«: 2000 
a 10 2 Mfi ±2% ±4 countt. 




A POWER 
SUPPLY 
FOR EVERY 
WORKBENCH 



Here's an excellent vdue in an all-around bench power supply. Dual 
meters let you continuously monitor voltage and current, and 0-30 
volt 3 -amp ou^ut fills most common power supply needs. Use the 
constant current mode to charge rechargeable batteries, limit power 
lo drcuits under test and operate devices that are current depaidoit. 
SP-2762 $199.95 

SpKificatniK Oil^Kl mia^; 0-30 VDC cm ti naqBdy vskUs. Con lad fas cobqU. Ofl^m 
leait 0-1 A coosBiiDi. Osl^t infnkiic*: Typully kH> a2a ID 10 EHi. lUpiii: To 10 Ifli, Ih 
llu 5 mV p-]>(OJ mV nm tyjinl). Loid nialKni: ±0.23«dJ mV, 1-1004 DtnBd csma. Lib 
ntdatias iSJli% ±2a)V tor±l M lis iwitticB. Cgnoulniitnt: 0-3 A, vsritbte. Pcnw: 120 VAO 
240 VAC, tlOK, S»tiO Hi, ISO wMB. 



DELUXE 
SCOPES ARE 

A PLEASURE 
TO USE 
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These oscilloscopes offer the measurement capability you need, plus 
luxuiy features fliat make them fun to own, TV triggers, 1 mV/div 
sensitivity, differential and X-Y measurements, plus beam finder, 
component tester, graticule illumination, and other features many 
manufacturers omit. Enjoy a top^^uality 25 or 40 Mhz scope backed 
by a reliable name, fiiU warranty artd complete specifications. 

25 MHz: SO-4552 $399.95 

40 MHz: SO-4554 $599.95 

SpoclSotizil: Venksk 1 iaVAIiv-5 V/dW. gmdviiMi kiB u 1 mVMtv. Acaini7±a« u 1 Dii, ±3% 
It 1 mV/drr. C>vBrriiiiac bB dm n. Mb kfiid: 4<)0 V. Modw CHA. CHB. diul. (dd. HiiriBMtl: 
.2 1 - .1 )lV<E!«. p>w XiOtrnt/dSBT. Triu*^ QIA, OS, Unc, sn. /ana, mm, TV-V, TV4i ^. 
:M>-132/19>-aMVAC,5a«0Hl,45W.W<>i^ le.Tlbt. 



To order CALL TOLL FREE 1-800-253-0570 

Use order code 217-320 
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for credit card orden, 24 hn a da; 
For jour fk«e HEATHKIT catalog call 1-800-44- HEATH 



We guarantee every specification we publish on every product we sell. 

Heath Instruments 
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earization and absolute-to-relative 
humidity conversions for you. 

Sinceabsoiute humidity is being 
nneasured, your operation should 
be equally good for low, medium, 
or high relative-humidity. 

The same company offers ther- 
mistors for temperature measure- 
ment and for air-flow measure- 
ment using hot wire anemometer 
techniques. Lots of free data 
sheets, price lists, and ap-notes 
are available on request. 

One handy source of ready-to- 
use industrial-grade humidity sen- 
sors is General Eastern. Weather- 
Ironies is a second. 

A final company that has a very 
wide line of humidity sensors is 
Omega Engineering. Their stuff is 
usually very expensive, but be 
sure to pick up their free catalogs. 

Two good sources for humidity 
sensing info are Measurements 
and Control and Pollution Equip- 
ment News. 

For our third contest this 
month, just tell me how or why 
you would like to measure either 
the relative or absolute humidity. 

A low-end digital compass 

We have looked at some solid- 
state digital fluxgate compasses in 
previous columns. They are proba- 
bly the best way to electronically 
measure a magnetic heading. Im- 
portant uses of fluxgate sensors 
are for cave mapping, navigation, 
for car compasses, and for satel- 
lite-dish pointing. 

I've recently found a cheaper 
and simpler method for electronic 
sensing of a magnetic heading. It is 
also considerably less accurate 
than a fluxgate and, being a mov- 
ing mechanical device, has all of 
your typical compass damping and 
hunting problems. 

This is the Dinsmore digital com- 
pass sensor. It is available for $10 in 
hacker quantities, and much less 
in production quantities. The sen- 
sor consists of four hall-effect tran- 
sistors facing each other and a 
moving central magnet on a care- 
fully damped pivot. The maximum 
theoretical resolution is plus or 
minus 22,5 degrees. The intended 
market is for low-end auto and 
bike compasses, but there should 
be plenty of other low-end robotic 
and toy uses. 

A simple four-LED display is 



shown in Fig. 5. A liquid-crystal 
display showing N, NE, E, SE, S, 
SW, W, and NW is also available. It 
uses the same sensor in a slightly 
more complex circuit. 

For our fourth contest, just 
show me some new or unusual 
use for a low-accuracy but very 
cheap digital compass. 

New tech literature 

New data books this month in- 
clude the "must have" TTL Logic 
Data Book from Texas Instru- 
ments, that LSI Products Data 
Book from TRW, a Specialty Mem- 
ory Products Data Book from 
Advanced Micro Devices, and a 
major upgrade of the Smart Ana- 
log Data Book from Crystal Semi- 
conductor That last jewel has 
some outstanding digital-audio in- 
tegrated circuits in it. 

A $15 kit full of unusual tilt and 
impulse switches is now available 
from Fifth Dimension, while a free 
new PLC-V8 Design Kit is available 
from Signetics, that involves their 
new erasable logic arrays. Free 
electroluminescent lamp samples 
are available from Nordic Lite, 
while free force-sensing resistor 
cards are provided by Interlink 
Electronics. 

Turning to mechanical samples, 
free baggies of vinyl-dipped prod- 
ucts are gotten through PMP. One 
great place to pick up free samples 
of any mechanical goodie is through 
New Equipment Digest. 

The new trade journals this 
week include Surface Mount Tech- 
nology and Electronic Manufactur- 
ing. As usual, you can qualify with 
your own laser-printed business let- 
terhead. 

For those of you that want or 
need more info on all my book-on- 
demand publishing, there's my 
Ask the Curu reprints, volumes I 
and II, and the Hardware Hacker 
reprints for this column series. We 
also stock lots of PostScript books, 
software, and even videos. The 
Hardware Hacker help line may 
also be used for PostScript, book- 
on-demand and laser printing 
help, or networking. 

Note that there are two Names 
and Numbers sidebars this month, 
one for the humidity stuff and one 
for just about everything else. Let's 
hear from you, and get to work on 
those contests. R-E 



VLF CONVERTER 



continued from page 50 



If all is OK so far, check these 
measurements: 

1. -H0.5- + 2 volts at junction of LI 
and L2. 

2. -f2- + 4 volts at Q2 source. 

3. -I-8-+ 10 volts across R22. 

4. -F5- + 7 volts, ICl pinsS, 10, 

5. -I- 3.5- + 5 volts across C5. 

6. -f0.8-+1.5 volts, ICl pin 5, 

7. + 8— F 10 volts, ICl pins 6, 12. 

So far so good. Now connect any 
radio that covers the AM-broadcast 
band to J3, and tune to 1 .000 MHz on 
the AM dial (you're actually tuning to 
000 kHz). Adjust L5 for the strongest 
signal. Adjust R7 to minimize that 
signal. Resistor R7 should cause a 
definite null around the middle of its 
range; if not, check ICl, R7, and R3 
to R6. Tune the radio dial between 
1010 kHz and 1550 kHz, where you 
should hear signals in the lO-kHz to 
550-kHz longwave range. At 1100 
kHz on the AM dial (you're actually 
tuning to 100 kHz), a loud rattling 
noise will be heard in most areas of 
the US and Canada; that's the 
LOR AN navigational signals. 

Obviously, you shouldn't hear any 
AM-broadcast stations; if you do, 
check your cables and grounding be- 
cause something's wrong. Make sure 
the shielding is adequate, especially 
the box used for the DC block. As a 
last resort, check LI through L4, CI, 
C2, C3, and R7's setting. TTie circuit 
should work when it's fired up. 

An extremely strong AM-broad- 
cast signal may occasionally cause 
"crud" to seep through that rides on 
all the longwave signals. That may 
occur when you live within a few 
miles of a high-powered broadcast 
station. If so, try installing a 47-pF 
capacitor across Rl . If that helps, then 
try smaller values (or larger) until the 
smallest value is found that reduces 
the interference to a satisfactory level . 
'fou might also try using a smaller 
whip antenna, or try removing Dl 
through D4, although the protection 
they afford Ql will be lost. 

With the LF converter assembled 
and operating properly, you can now 
put it to use. Try listening to the wide 
variety of unusual broadcasts that 
you'll receive in the low- frequency 
band, such as maritime, distress, mil- 
itary, and amateur. R-E 
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I often become frustrated with 
the limitations of the comput- 
ers I use. When I feel the tension 
rising, rather than let it get to 
me, I enjoy just sitting back and 
dreaming up better ways of de- 
signing and building the inte- 
grated circuits that make up our 
computing machines. 

One day I had an inspiration 
about a new type of IC that I call 
the programmable architecture. 
It's not the type of thing that a 
hobbyist can build on his own; 
rather it requires expensive re- 
sources that only the largest sem- 
iconductor manufacturers pos- 
sess. But perhaps this article will 
stimulate those manufacturers 
into developing the ideas out- 
lined here. 

Programmable array 

Imagine a large array inside an 
IC; the array contains thousands 
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of cells. Now imagine that each 
cell can function as any one of the 
five basic logic gates (and, Mnd, 
OR, n5r, fJ5T) or as a data line (a 
connecting wire), and that its 
function in any given situation is 
determined by you. 

Not only would you decide the 
function of each cell: you'd also 
decide on the interconnections 
among cells. Thus you'd be able 
to create your own Programmable 
Logic Circuitry (PLC|. Addi- 
tionally, if what you just created 
didn't suit your fancy, you could 
simply erase the whole thing and 
start over. 

How could anyone build such 
an amazing chip? Its simple; just 
use existing technology. 

A look Inside 

If you know anything about the 

EPROM (Erasable Programmable 

continued on page 80 




386SX kit 



Peripheral Technology, sup- 
plier of the 386SX mother- 
board kit described in the June, 
July, and August issues, can be 
reached at 1710 Cumberland 
Point Drive. Suite 8. Marietta, 
GA 30067. (404) 984-0742. In- 
correct information was printed 
in the June issue; we regret the 
error. 



File transfer with LapLink III 



Traveling Software has just re- 
leased the ultimate file-trans- 
fer program. LapLink Release III 
combines the best features of its 
competitors, throws in several 
new ones of its own. and wraps 
the whole thing up in a fast, easy- 
to-use package. 

Highlights include: serial and 
parallel mode transfers, both 
with "turbo" options; a six-head- 
ed cable with both serial and par- 
allel connectors; the ability to 
duplicate itself on a remote PC; 
integrated disk and file manager; 
a batch mode for automating 
common transfers; and a special 
device driver that allows one PC 
to have DOS-level access to an- 
other PC's disk drives and 
printers. 

If you're new to this type of 
product, it was originally de- 
signed to solve the problem of 
how to get files from a laptop PC 
(with a 3.5-inch disk drive) to a 
desktop PC (with a 5,25-inch 
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disk drive). However, systems in- 
tegrators and PC support techs 
soon discovered that file-transfer 
programs have other uses as 
well. When IBM first introduced 
the PS/2 line (which has only 3.5- 
Inch drives), for example, a big 
problem for many was simply get- 
ting their software transferred. 
LapLink and similar products 
made it easy, but only for those 
who knew the secret. 

Once you learned that secret, 
you found that there were other 
similar uses as well. For example, 



if you had to set up six PC's with 
identical software, you really only 
had to set up one from the in- 
stallation disks supplied by the 
software manufacturers. Then 
you'd let the file-transfer pro- 
gram duplicate the entire disk, 
subdirectories and all, while you 
did something more interesting. 
Some versions of those pro- 
grams include their own disk 
and file managers to help you 
copy, erase, rename, move, etc., 
files around your hard disk, and 
even to back it up. 



The basics 

LapLink III runs on PC com- 
patibles with 256K of free memo- 
ry, a free serial or parallel port, 
and any version of DOS from 2. 1 1 
through 4.00. Both 5.25-inch 
and 3.25-inch diskettes are in- 
cluded in the package. 

After starting the program on 
both machines, you're presented 
with two side-by-side windows 
(as shown in Fig. 1). The left win- 
dow lists the contents of the cur- 
rent directory of the local drive; 
the right lists the contents of the 
remote. {You can reverse the 
meanings of the two windows, or 
make both windows views into 
the local drive, thereby allowing 
LapLink to function as an ordi- 
nary file/disk manager.) You 
switch between the two windows 
using the left and right arrow 
keys; for copy operations, the 
window containing the highlight 
bar is the source, and the other is 
the destination. 

LapLink III has twenty com- 
mands, about half of which are 
displayed along the bottom line 
of the screen; you can see the 
other half by pressing M (More). 
You can move a highlight bar 
through the list by pressing the 
Spacebar and Backspace keys, 
and then execute the desired 
command by pressing Enter. Or 
you can simply press the first let- 
ter of a command to execute it. 
Some commands bring up sec- 
ondary screens. 

The Options command, for ex- 
ample, brings up a screen that 
allows you to set several aspects 
of program operation. You can 
choose between parallel and se- 
rial modes, communications 
port, baud rate (9600-115,200 
Kbps) for serial transfers, and 
turbo mode, lb Increase speed, 
LapLink apparently decreases 
the frequency of clock "ticks" 
(normally about 18.2 per second). 
Doing so decreases DOS over- 
head and thereby allows commu- 
nications to proceed at a faster 
rate. However, it causes your PC's 
clock to lose time. 

Other options allow you to 
choose how directories are dis- 
played, screen colors, and copy 
options. And here LapLink III 
shows itself powerful and flexible 
(see Fig. 2). 
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After you've got the options set, 
you're ready to get to work. To act 
on files individually, you move the 
highlight bar with the cursor 
keys and then execute the desir- 
ed operation. For example, to 
copy a file from the source to the 
destination, just highlight the 
file and press C. Or erase (delete) 
it by pressing E. When a sub- 
directory is highlighted, you can 
change to it by pressing Ctrl-En- 
ter or L (Log). Log also lets you 
change drives, or specify a com- 
plete subdirectory path. A sepa- 
rate command (Ztree) presents a 
graphic representation of your 
hard disk's structure, allows you 
to scroll through it using the cur- 
sor keys, and log into the desired 
directory. 

Working on one file at a time 
can be tedious, so LapLink III lets 
you tag one or more files or 
groups of files. You tag files indi- 
vidually by highlighting them 
and pressing T, or by groups by 
pressing G (Grouptagl. You 
might, for example, tag all the 
program files {*.COM, *.EXE, 
•.BAT) in a directory. You could 
then un-tag a few of those (the T 
command toggles tags on and off) 
and transfer the whole mess 
when you've got it right. If you 
run out of space on the target 
drive, or if you lose contact (if the 
cable comes loose, for example), 
LapLink HI will halt but give you a 
chance to resume after changing 
disks, deleting some files, reat- 
taching the cable, etc. 

When the operation is 
through, you can re- tag all the 
previously tagged flies. For exam- 
ple, after copying a group of files 
from a laptop to a desktop PC you 
might want to delete them from 
the Laptop. Doing so is easy: Just 
press A (Againtag) followed by E 
(Erase). 

Advanced features 

One of LapLink's neatest tricks 
is the ability to clone itself across 
the communications line. It 
works only in serial mode, and 
you must use Traveling Soft- 
ware's supplied cable. To clone a 
copy, all you do is type two DOS 
commands at the remote, and 
then let LapLink loose. In about a 
minute you've got fully func- 
tional versions of the program on 



both machines. Other manufac- 
turers are already starting to 
copy that ability. 

LapLink also has the ability to 
help manage ViewLink files. 
(ViewLink is another Traveling 
Software product; it allows you to 
group files together in logical 
units, called views, regardless of 
the locations or types of those 
files. See "Editor's Workbench," 
June 1989, Computer Digest for 
more information.) 

In addition, LapLink includes 
a device driver that allows you to 
access the printers and disk driv- 
es of a "slave" machine. You load 
the device driver via a statement 
in the CONFIG.SYS file in the 
"master" machine, and then run 
DD.EXE on the slave. At that 
point the slave's drives and 
printers are available to the mas- 
ter, but you can't use the slave for 
anything else. The device driver 
won't work under DOS 4.0. fVav- 
ellng Software sells another prod- 
uct. DeskLlnk, that extends the 
device driver concept so that the 
two linked PC's are both active 
and both have access to each 
other's resources — like a mini- 
ature network. 

In use 

Learning LapLink III is easy, 
and using it Is a pleasure, be- 
cause of the well-thought-out, in- 
tuitive interface. There are a few 
command discrepancies. For ex- 
ample, from the window display 
you can change directory quickly 
by pressing Ctrl-Enter, but from 
the Ztree display you must press 
L (Log). 
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Table 1- 


-Transfer times (seconds) 


Serial 
Parallel 


Regular 
404 
282 


Turbo 
367 
245 



As for speed, Tkble I shows the 
time it took to copy the contents 
of one subdirectory from a Dell 
System 300 to an AST Premium 
386/16. The subdirectory con- 
tained 194 files, and consisted of 
about 4.5 MB of programs and 
data. As shown in the table, the 
turbo modes run 10% to 15% 



faster than the regular modes. 
Other programs run faster than 
LapLirik III. (FastWire 11 accom- 
phshed the same copy operation 
about 20% faster.) However. 
LapLink's user interface and doc- 
umentation are superior So, all 
in all. Traveling Software has set 
a standard for other file-transfer 
programs to emulate. ^CDf 




DOS books 



Microsoft Press has released 
updated versions of 'Van 
Wolverton's Running MS-DOS 
and Supercharging MS-DOS. 
Running MS-DOS starts at the 
beginning, discussing files, 
disks, directories, etc. Batch files 
are also discussed, as well as 
useful but often unused DOS 
commands like FIND. Super- 
charging MS-DOS takes over 
from there, showing you how to 
customize your screen display 
and keyboard using ANSI. SYS, 
how to use DEBUG.COM, how to 
build your own menu -based DOS 
shell using batch files and the 
fancy "extended" character set 
(lines, boxes, etc.). Both books 
have been updated to Include In- 
formation on DOS 4.0.|CD| 



ITEMS DISCUSSED 

• LapLink 1I1($ 139. 95), Ti-avel- 
Ing Software. 18702 North 
Creek Parkway, Bothell, WA 
98011. (206)483-8088. 

CIRCLE 50 ON FREE INFORMATION CARD 

• Running MS-DOS (S22.95). 
Supercharging MS-DOS 
($19.95). Microsoft Press, Mi- 
crosoft Corp., 16011 N.E. 36th 
way, Box 97017, Redmond, WA 
98073-9717. (206) 882-8080. 
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412S6 256*0:1 120ns 5.751 

4464 64KxA 120 ns 8.50 1 

412640I 64Kj!4 120ns 12.50l 

EPROM 
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275 12 64K):8 200 ns 9.951 

27256 32Kx8 150 ns 7.251 

27128 iSKxS 250 ns 4.50 1 
STATIC BAM 
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L6116AP-12 2KX8 120 ns 4.95J 
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GETTING 
THE MOST 
FROM YOUR 
PRINTER 



OaHing Th* 
Most From Your 
Printer 
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BP181— It is probable that 80% o1 dot- 
matrix printer users only ever use 20% of 
tiie features offered by their printers. This 
bool< will help you unlock the special fea- 
tures and capabilities that you probably 
don't even know exist. To order your copy 
send $6.95 plus $2.00 for shipping in 
the U.S. to Electronic Technology Today 
Inc., P.O. Box 240, Massapequa Park, 
NY 11762-0240. 



SECRETS OF THE 
COMMODORE 64 
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BP135— A beginners guide 
to the Commodore 64 pre- 
sents masses of useful data 
and programming lips, as 
well as describing how to 
get the best from the 
powerful sound and graph- 
ics facilities. We look at how the memory is 
organized, random numbers and ways of 
generating them, graph ics-color-and sim- 
ple animation, and even a chapter on ma- 
chine code. Get your copy today Send 
S5.00 plus $1.25 for stiipping in the U.S. 
to Electronic Techology Today Inc., PO. 
Box 240, Massapequa Park, NY 
11762-0240. 
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i?ead Only Memory), then you un- 
derstand the principle behind 
PLC. Using basic EPROM tech- 
nology, you would create three 
programmable switches, SI— S3 
in each cell. Those switches 
would be connected as shown in 
Fig. 1. Only one switch at a time 
could be closed; depending on 
which switch was closed, you'd 
get AND, OR, or a straight-through 
function. 

TWO additional switches, 54 
and S5. allow you to choose be- 
tween inverted or non- inverted 
output, thus providing the nand, 
NOR, and NOT functions. Tkble 1 



shows the different switch com- 
binations that are required to 
achieve various logic functions. 
(We'll discuss the vertical data 
lines in a moment.} 

The interconnections between 
cells poses another problem. The 
proposed solution is shown in 




Fig. I. BASIC PLC CELL STRUCTURE: 
each "switch" is implemented with 
EPROM-like technology. Ihereby alloiu- 
ing quick prototyping and design 
changes. 



TABLE 1— LOGIC FUNCTIONS 
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Note: VDL= Vertical Data Line. 




Pig. 2. INTERCONNECTING PLC CELLS 
horizontally relies on switches S2 and 

55 (in Fig. I) and verticaUij on switches 

56 and 57. 

Fig. 2. As shown, vertical connec- 
tions are straightforward. For 
horizontal connections, the A in- 
put of a given cell can be con- 
nected directly to that cell's C 
output by closing switches S2 
and S5 (in Fig. 1), In that scheme, 
the B input cannot be connected 
to the output line. That may 
seem unappealing, but the cir- 
cuits discussed represent the 
least number of components per 
cell, thus allowing more cells to fit 
in an array 

One difficulty is creating an xok 
gate. Four nand gates would be re- 
quired, but that would greatly in- 
crease the cost of each cell. 
Therefore we wouldn't provide 
prewired xor gates. Instead we'd 
leave it up to the designer to build 
xor's as necessary, to fit the par- 
ticular application. 

For many applications, the PLC 
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array will need a clock to sjm- 
chronize internal operation of 
the array. Therefore, the PLC 
would have a special clock cell 
that could be switched in at cer- 
tain points on the outer edge of 
the array. Clock frequency would 
be determined by an external 
quartz crystal, just as many mi* 
croprocessors are. 

Programming the PLC 

Programming each cell would 
be done in the same way 
EPROM's are programmed, one 
address location at a time. Of 
course, you'd have to toggle more 
than one switch in each cell in 
order to program the function of 
each cell. In an EPROM, that 
would be analogous to program- 
ming a byte instead of a bit at 
each memory location. 

Unlike an EPROM program- 
mer, however, the PLC program- 
mer would not use a computer 
running an assembler program 
to feed a PLC with its program- 
ming data. Instead, a PLC-ori- 
ented CAD (Computer Aided 
Design) program would be used. 
Ideally, the CAD program would 
include debugging tools, chip 
simulation, and function crea- 
tion, i.e., creating symbolic, 
higher-level functions from sim- 
pler ones. The xor gate Is a good 
example of function creation, A 
fast 16-bit computer would be the 
minimum for running a PLC 
CAD program. 

Modes of operation 

The PLC operates in two dif- 
ferent modes. Mode 1 is used 
when you are prograLiiming the 
chip, and Mode 2 is used when 
you are actually executing the 
programmed functions in a cir- 
cuit. Figure 3 shows a block di- 
agram of the internal arrange- 
ment of the PLC. 

Note that there are two sets of 
data buses. The one routed 
through the address decoder is 
used during programming (Mode 
1); the other is for actual use 
(Mode 2). The switch bank deter- 
mines which bus is used: the 
Mode input, which is directly 
connected to one of the pins on 
the outside of the chip, toggles 
the switch bank between the two 
buses. 
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Fig. 3. A SWITCH BANK, controlled by an 
external Mode input, switches the PLC 
data bus between programming and In- 
use modes. 

PIC applications 

The manufacture and open 
distribution of PLC's would be a 
boon to everyone. IC manufac- 
turers would benefit from easier, 
faster, and cheaper prototyping. 
Hobbyists would enjoy almost 
unparalleled freedom in playing 
with circuit variations. IC man- 
ufacturers would also be able to 
draw upon the pool of hobbyists 
for their own research and de- 
velopment efforts. 

Here are a few ideas for possible 
PLC applications: 

• Prototype microprocessors 

• Parallel processor chips 

• Lisp language machines 

• Prototype "Neuro-Chips" 

• Customized electronic lock 
and key circuitry 

• Video, audio, and digital sig- 
nal processing 

Variations on \he PLC 

Using EPROM technology to 
build the switches in the PLC 
would enable one to erase the ar- 
chitecture of a PLC. But for a de- 
sign that has stabilized, you 
might want to etch it perma- 
nently in silicon. The solution 
would be to use the same fuse 
design found in the PROM (Pro- 
grammable Read Only Memory). 
To store something in a PROM, 
fuses are selectively blown. And 
whereas you can erase an 
EPROM, you can't fix internal 
fuses, so a programmed PLC 
PROM is permanent. 

Other changes might include 
altering the basic cell structure. 
For example, rather than forming 
the basic cell from several logic 
gates, you might form it from 
fairly powerful micro-processing 
units. The effect would be the 
creation of a parallel processor. 
(See 'A PC Run Circles Around a 



Cray?" in the April 1989 edition 
of Computer Digest for more in- 
formation on parallel pro- 
cessors.) Each of those process- 
ing units would be limited in how 
much it could do by itself. But 
when combined with others, as a 
whole they could have enormous 
computing power 

For that matter, forget about 
digital logic altogether. How 
about building an array of op- 
amps? An array of programma- 
ble op-amps would allow one to 
experiment with analog comput- 
ing. Building an analog comput- 
er was the never-realized dream 
of computer pioneer Alan TLiring. 
Perhaps the prime motivating 
factor for Turing was the fact that 
the brain (at the neural level) op- 
erates more in an analog fashion 
than in a digital one. So with an 
array of programmable op-amps 
one could experiment with neu- 
ral networks. 

Returning to the digital realm, 
a bizarre variation would be a 
self-modifying architecture, 
which might be used in systems 
with an evolving knowledge base, 
expert systems, etc. 

Conclusion 

The Programmable Logic Cir- 
cuit is really a very simple idea. 
No new and revolutionary tech- 
nology need be developed, nor 
must any horrific physical barri- 
ers be overcome. 1 hope that the 
elegance of the idea of program- 
mable architectures has convert- 
ed you — or at least given you 
some provocative ideas that you 
can consider. |CI)| 
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"We're in big trouble.' The computer applied for a 
patent on oar new design!" 
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68705 MICROCONTROLLER 



How to build a single-IC microprocessor system 
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Sophisticated burglar alarms, 
stage-lighting controllers, 
digital music synthesizers, fre- 
quency counters, and other test 
instruments — they all have one 
thing in common. Designing 
each of those circuits (and 
others) using microprocessors is 
fast and easy if you use the right 
technology. 

That technology needn't con- 
sist of expensive ICE's (In-Circuit 
Emulators) and the like. In fact, 
by using a single-chip Motorola 
microcontroller and building a 
low-cost {well under $100) pro- 
grammer, you can create custom 
designs as fast as you can think 
them up! 

The MC68705P3 is a complete 
microcomputer on a chip. It con- 
tains CPU. ROM. EPROM, RAM. 
timer, interrupt input, clock, and 
twenty bidirectional I/O lines. 
Magically, it's all contained in a 
28-pin package, which means 
that the data and address buses 
are completely hidden from the 
designer, so circuit-board layout 
becomes trivial. 

In this article we'll discuss the 
68 705 's architecture, its register 
structure, and programming 
considerations. Then we'll go on 
to build a programmer that 
burns your software into the 
68705's internal EPROM. Next 
time, we'll put theory into prac- 
tice when we design a two-IC dig- 
ital alarm clock. 

Hardware overview 

Tb use the 68705 in your own 
projects, you must understand 
both its hardware and its soft- 
ware capabilities. Let's examine 
the hardware first. Figure 1 
shows a block diagram of the 
main subsystems that comprise 
the 68705. First, note the CPU, 
which is itself composed of an 
ALU (Arithmetic Logic t/nit) and 
a controller. Every instruction 
that the 68705 can execute (addi- 
tion, subtraction, etc.) is per- 
formed by the ALU under 
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direction of the controller. The 
controller provides the timing 
necessary to carry out the micro- 
instructions (even basic opera- 
tions such as addition are 
composed of smaller steps called 
"microinstructions"), and ensure 
that they are performed in the 
correct order. 

The 68705 has several types of 
memory. For starters, there are 
112 bytes of RAM, That may not 
sound like much, but keep in 
mind that it is used only for stor- 
ing variables and the stack; the 
application program Itself is 
stored elsewhere. Typical micro- 
controllers seldom use even 30 or 
40 variables, so the 68705 has 
plenty of RAM to handle almost 
all situations. 

The 68705 also contains ROM. 
Actually it has both ROM (Read 
Only Memory) and EPROM (Eras- 
able Programmable Read Only 
Memory), The ROM, comprising 
115 bytes, contains the EPROM 
burner program, which Motorola 
calls the "bootstrap. " That means 
that the means for programming 
the EPROM is built right into the 
chip itself! 

The EPROM itself consists of 
1804 bytes; it is used to hold your 
application program and con- 



stant data. Since EPROM is non- 
volatile memory, even if you inter- 
rupt power to the IC and later re- 
apply it. your program is still 
there ready to be executed. 

In addition, many I/O lines are 
available. Logically they are 
grouped into three ports (parallel 
groupings of I/O lines). Port A and 
Port B are each eight bits wide; 
Port C is four bits wide. To send a 
message to the outside world, 
you simply store a byte in the de- 
sired port register, and the asso- 
ciated lines will reflect what was 
written. In an analogous way, the 
outside world can talk back; a 
byte placed on the lines of a port 
may be read by the CPU. I/O in the 
68705 is memory-mapped, un- 
like the case in the Intel family. 
which has a separate address 
space and separate instructions 
for reading I/O ports. 

Electrically speaking, the three 
ports are easy to use. They're all 
TTL compatible for both input 
and output. Also. Port B can sink 
as much as 10 mA. so it can drive 
LED's directly 

Associated with each port is a 
DDR (Data Direction Register). It 
is the duty of the DDR to config- 
ure the associated I/O lines for 
either input or output opera- 
tions. The DDR itself is pro- 
grammed by writing to special 
memory locations. 

Referring to Fig. 1 again, note 
that there is an external inter- 
rupt line (Int). Normally, the 
68705 executes some sort of pro- 
gram. But there may be times 
when you wish to temporarily 
halt execution of the main pro- 
gram and then continue execu- 
tion in a subsidiary program. An 
external signal (a fire sensor or 
burglar alarm) applied to int 
might cause such a change. Most 
microprocessors and micro- 
controllers have interrupt in- 
puts, but what makes Tnt 
especially useful is the fact that it 
can accept both digital and ana- 
log inputs! 
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Fig. 1. THE 68705 IS A 28-PlN MICROCONTROLLER with RAM. ROM. EPROM. and 20 
bytes of I/O. 
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Fig. 2. CLOCKING THE 68705: (a) using 
an. external clock, /bj using a resistor, (c) 
using the default clock, and (d) by crys- 
tal control. 

The reason is that the 68705 
has an internal Schmitt trigger, 
which means that it can detect 
zero-crossings of an analog sig- 
nal. That capability might be 
useful in frequency-counter ap- 
plications, in which a timebase is 
derived from a 60-Hz AC signal. 

The 68705 also contains a 
timer with an optional prescaler. 
The timer, which is actually an 8- 
bit countdown register, can be 



loaded with a number. The regis- 
ter will then proceed to decre- 
ment at the processors internal 
clock rate: when the register hits 
zero, an interrupt is generated 
that causes the processor to con- 
tinue execution at a special pro- 
gram location. The prescaler 
allows for longer periods between 
timeouts. The timer can also be 
clocked from an external source, 
if desired. 

Of course, all computers must 
have some sort of clock to syn- 
chronize activities (access I/O 
ports, execute the microinstruc- 
tions in the CPU, etc.) The 68705 
has quite versatile clocking op- 
tions. In fact, as shown in Fig. 2, 
it can be clocked in four distinct 
ways. 

In Fig, 2-a we see how the 
68705 can be clocked by an exter- 
nal source; you would use that 
method when a master clock is 
present in existing circuitry with 
which the microcontroller must 
interface. Figure 2-b shows how 
an external resistor can be used 
to set up the internal clock, and 



Fig. 2-c shows how installing a 
jumper will allow the internal 
clock to run at a default rate. 
Last, in Fig. 2-d, a crystal is used 
for best accuracy and reliability. 

Software overview 

Now let s change focus and con- 
sider the software side of the 
68705. If you've any experience 
with the 6800 or other 8-bit mi- 
croprocessors, the 68705 will ap- 
pear quite similar. Figure 3 
shows the programming model. 
Both the accumulator and the in- 
dex register are eight bits wide. 
As the name suggests, the results 
of most arithmetical and logical 
instructions "accumulate" in the 
accumulator The index register, 
on the other hand, is typically 
used to access individual ele- 
ments of tables and lists; it does 
so using special address modes 
discussed shortly. 

The program counter is 11 bits 
wide, giving the 68705 a total ad- 
dress range of 2048 (S0800) loca- 
tions. Those locations include all 
the RAM, ROM, EPROM, DDR's. 
and I/O ports. 

Also included in the program- 
ming model is the stack pointer. 
The stack is a LIFO (LastZn. First 
Out) type: it's maintained in the 
user area of RAM, and its pointer 
always aims at the next usable 
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rig. 3. THE 68705 consists of an eight-bit 
accumulator and index register an 11- 
bii program counter and stack pointer, 
and a cortdltion-code register. 
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I'ifl. 4.EPROMBURNERFORTHE68705:lC2decodesseqiJ.entiai memory locations in 
the EPROM (J2). whose outputs are applied to Port A of the 68705 (Jl). 







TABLE 1—68705 MEMORY MAP 
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location. The stack pointer is 
shown in the model to be U-bits 
wide, but the highest six bits are 
fixed in such a way that the stack 
pointer always points into the 
RAM area. The maximum depth 
of the stack is 32 bj^es, which 
may not seem like much, but 



which should suffice for most 
controller applications. 

Also, a condition-code register 
keeps track of the results of vari- 
ous operations. For example, one 
bit of the register is set whenever 
a negative number appears in the 
accumulator; another is set 



whenever a value of zero appears 
in the accumulator. Another bit 
informs us if a carry or borrow 
was required to complete an 
arithmetic operation (addition or 
subtraction, respectively). The 
half-carry flag is set if a carry re- 
sults from adding two BCD (Bin- 
ary Coded Decimal) numbers. 
The interrupt mask lets us tell 
the 68705 to ignore interrupt 
signals applied to Int. 

The 68705 s memory map is 
shown in Table 1. Note that all of 
RAM sits in page zero, while 
EPROM addresses start in page 
zero and continue to higher ad- 
dresses. The I/O ports and DDR's 
are also located in page zero, as 
are the timer's control registers. 

At the highest memory loca- 
tions you will find a set of vectors 
(pointers) that tell the micro- 
processor where to continue pro- 
gram execution in the event of an 
interrupt. It is the designers re- 
sponsibility to program the cor- 
rect values into the EPROM. 

Interrupts in the 68705 can 
take one of four forms; (1) reset is 
generated at power up; it is used 
to start the processor from a 
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known condition. (2) mr (external 
interrupt) occurs when there is 
activity on pin 2 of the 68705, as 
discussed earlier. (3) An SWl, or 
Software interrupt, happens 
when the CPU executes an SWI 
instruction, which is typically 
used for debugging purposes. (4) 
The last type of interrupt is trig- 
gered when the internal timer 
times out. 

One additional location in the 
memory map is interesting: the 
mask options register ($784), 
which is a location in EPROM 
that allows the designer to deter- 
mine how the 68705 operates. 
For example, by burning various 
bits in the location low or high, 
you can specify what type of clock 
you're using, how the timer is 
used, whether the prescaler is 
used, etc. 

Address modes 

The 68705 has ten address 
modes; many instructions are 
functional in several address 
modes. Unfortunately, we haven't 
space to discuss operation of 
each instruction in detail; con- 
sult the appropriate Motorola 
data sheets for more informa- 
tion. We will, however, discuss 
the basic address modes and sev- 
eral unusual instructions. 

The immediate addressing 
mode is concerned with con- 
stants. For example. LDA #20 
says to load the accumulator 
with the decimal constant 20. 
The pound sign is what indicates 
immediate mode. 

Contrast that with the direct- 
address mode instruction LDA 
20, which says to load the ac- 
cumulator with the number con- 
tained in memory location 20. 
Here the accumulator toads a 
variable, not a constant. The di- 
rect mode can only access loca- 
tions in page zero, because the 
operand (the address) is specified 
by a single byte. 

The extended-address mode 
overcomes that liability by allow- 
ing two-byte operands. For exam- 
ple, LDA 450 says to load the 
accumulator with the contents of 
location 450. Of course, ex- 
tended-mode instructions take 
more space and execute slower 
than direct- mode instnictions. 

The relative -address mode is 




Fig. 5. PROTOTYPE OF THE EPROM BURNER. The author used wirewrap and point- 
to-point wiring techniques. 



used in branching instructions. 
Rather than specifying a precise 
location to branch to, the relative 
mode allows the programmer (or 
the assembler program) to desig- 
nate an address relative to the 
current address at which execu- 
tion should continue. For exam- 
ple, BRA 10 would move execu- 
tion to the tenth location 
following completion of the cur- 
rent instruction. 

There are three types of in- 
dexed addressing modes avail- 
able. The no-offset indexed mode 
takes its argument from the in- 
dex register. For example, LDA (X) 
says to load the accumulator 
with the contents of the location 
pointed to by the index register. 

The one-byte indexed mode ex- 
tends that concept. For example, 
LDA 20, XI tells the processor to 
add the number 20 to the con- 
tents of the index register and 
then access the resulting loca- 
tion. If the index register con- 
tained the number 35, say, then 
the contents of location 55 would 
be fetched (20-1-35 = 55). 

The two-byte indexed mode ex- 
tends the concept even further by 
allowing a larger number to be 
used. For example, LDA 450, X2 
adds the two-byte number 450 to 
the contents of the index register 



and then accesses the location 
specified by that sum. 

The inherent addressing mode 
covers one-byte instructions 
whose operand is implied in the 
nature of the instruction. For ex- 
ample, CLR A says to clear (reset 
to zero) the accumulator; ob- 
viously, no external memory loca- 
tions are involved. Unusually, the 
68705 also allows the inherent 
mode with the index register. So, 
for example, CLR X would clear 
the index register. 

Bit twiddling 

Although we don't have space 
to discuss the entire instruction 
set. it's worthwhile mentioning 
several special instructions. With 
most microprocessors, to access 
individual bits within a byte, you 
must "mask" that byte; and and 
OR it with constants. The 68705 
has four special instructions 
that allow you to get at bits di- 
rectly. BRSET allows your program 
to branch if a bit is set, and brclr 
allows your program to branch if 
a bit is clear. For example, brset (^ 
7,20.46 says to test bit 7 of loca- ^ 
tion 20. If that bit is set, then 3 
branch forward 46 locations and § 
resume program execution 3 
there. - 

BSET and BCLR allow you to set S 
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Parts List 

Resistors ^hh^^^^^^hm^^m 

All resistors are 'A-ivatt. 5% unless 
ofheruifse noted. 

Rl lOOahms. 10 

watts 

R2 100 ohms 

RS-RS 470 ohms 

R6-R10 4700ohms 

Capacitors ^^mmm^^^^mmmmm 

CI 7^ P.i Silver 

dipped mica 

C2 iOOpJ. silver 

dipped mica 

Ca,C4 O.Oi fLFdisk 

C5-C8 ..O.l (iFdfsJc 

C9 i J«K JO Dolts. 

electrolytic 

CIO 4.7 \iF. lOvoUs. 

electrolytic 

CU 1000 pJ\ 50 volts. 

electmlytic 

Semiconductor ^^^mm^^^^ 

BRl 50-ix)lt bridge 

rectifier 

Dl not used 

D2-D4 IN40QI 

D5 im742A }2-iioU 

Zener 

D6 IN474SA 22-uolt 

Zener 

LEDl red 

LED2 yellow 

LED3 green 

gi.Q2 2N2222NFN, 

general purpose 

ICl .7805 5-volt 

regulator 

1C2 4040 CMOS 

cou nfer 

Ottier components ^hmm^^^^ 

Fl 0.5-ampJiise 

Jl 2S-p(n ZIF socket 

J2 24-ptn ZIF socket 

Si-S3 SPST switch 



and clear bits individually. For ex- 
ample, BSET 4.20 sets ttie fourth 
bit of location 20, and bclr 4,20 
clears that bit. 

Designing with thie 6S705 

The question now Is how to get 
a program into the 68705 's inter- 
nal EPROM, The process is actu- 
ally quite simple. First, you need 
to write the desired program. If it 
is a short program, you can 
hand-assemble it {that is, look up 
the instructions and find the ap- 
propriate opcodes). Of course, it's 



faster and more accurate to use a 
cross-assembler, a translator 
that runs on one computer, say a 
PC, and converts the ASCII 
source code into 68705-compati- 
ble object code (hex bytes). You 
can either buy a commercial 
cross-assembler or write one 
yourself in BASIC or PASCAL. 

After writing and assembiing 
the program, it takes two steps to 
burn the program into the 
68705. First you must burn the 
code into a 2716 EPROM (a com- 
mon device for which burners are 
likewise commonplace). Then 
the program is transferred from 
the 2716 to the 68705 using the 
bootstrap program in the latter A 
circuit for doing that is shown in 
Fig, 4, The basic idea is that un- 
der direction of the bootstrap 
program, the bytes in the 2716 
are sent one at a time to I/O Port 
A. where the 68705 reads them 
and then burns them into the ap- 
propriate locations of its EPROM. 

In the schematic, Jl and J2 are 
Zero insertion Force (ZIF) IC 
sockets for the 68705 to be 
burned and the 2716 containing 
the program, respectively. The 
4040, 1C2, is a counter that is 
clocked by PBS of the 68705. The 
4040 's outputs allow locations in 
the EPROM to be accessed se- 
quentially. The data outputs of 
the EPROM are then read by Port 
A of the 68705. 

How does the 68705 know to 
execute the bootstrap program? 
Note that the timer input (pin 7) 
of the 68705 is tied to -l- 12 volts. 
Pin 7 normally acts like a stan- 
dard TTL input, but if the voltage 
on this pin rises to 4- 12V, the 
CPU halts all other activity and 
starts executing the bootstrap 
program. 

How to burn 

lb understand the remaining 
circuitry, let's trace through the 
sequence of steps involved in ac- 
tually burning a 68705. Start by 
assuming that SI is open (no 
power applied), and that S2 and 
S3 are closed. After inserting a 
68705 and a 2716, close SI. 
which powers up the device. Now 
+ 12V is applied to the timer in- 
put, so the CPU knows that it 
must execute the bootstrap pro- 
gram. However, since S3 is still 



closed, the microprocessor is 
stuck in a reset condition, so 
nothing happens yet. In addi- 
tion, since S2 is closed, Ql is off, 
so only + 5 volts is applied to the 
Vpp input, rather than the -I- 22- 
volt programming voltage. Also, 
both programming indicators 
(LED2 and LED3) are ex- 
tinguished. 

Now open switch S2, That al- 
lows Ql to turn on, which allows 
it to pass the regulated -I- 22V. 
Thus the programming voltage, 
not -I-5V. appears at Vpp Now 
open S3; that brings the CPU out 
of the reset condition and allows 
it to execute the bootstrap pro- 
gram. After all bytes have been 
transferred, LED2 lights up, in- 
dicating that the internal 
EPROM has been burned. 

However, the bootstrap isn't 
done yet. As a check, it goes back 
and compares each byte in its in- 
ternal EPROM with the associ- 
ated byte in the 2716. If they 
match successfully all the way 
down the line, then LED3 lights 
up, indicating that verification is 
complete. At this point, you 
would close S3, close S2, and 
then open SI. At this point the 
68705 is ready for use. 

Construction 

The 68705 programmer uses 
only garden-variety components 
and is easy to build. Figure 5 
shows the author's prototype; it 
was built ordinary wirewrap 
techniques; the entire unit is 
housed in a plastic pencil box. 




Fig. 6. NEXT MONTH we'll show you 
how to build this alarm clock. 

In the next installment, we'll 
discuss the design of a complete 
alarm clock using the 68705 (see 
Fig. 6), and show you how it can 
replace dozens if not hundreds of 
discrete components — and lead 
to a better and much more ver- 
satile design !^CD| 
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MARKET CENTER 



FOR SALE 



PHOTOFACT folders, under #1400 $4.00. Others 
$6.00. Postpaid. LOEB, 414 Chesinut Lane. East 
Meadow. NY 11554. 

GREAT buys! Surplus prices, ICs, Itnears, transfor- 
mers. PS, stepping motors, vacuum pump, ptio- 
totransistor. meters, LSASE, FERTIK'S, 5400 Ella, 
Phila., PA 19120, 

DESCRAMBLERS. All brands. Spedal combo Jer- 
rold 400 and SB3 S16S. Complete cable de- 
scrambler kit $39. Complete satellite descrambler 
kit $45.00. Free catalog. MJM INDUSTRY, Box 531, 
Bronx. NY 10461-0531 . 

B ANDSTOP fllters^Clearupcharnels affected by 
interfering signals. Channels 2. 3, 4. 8. 14, 15, 1 6, 17, 
18, 19. 20, 21 and 22 afvallable. $20 each — 10 for 
$130. dB ELECTRONICS, PO Box 98031, Las 
Vegas. NV 89193-8031. 

T.V. tunable notch filters. Free brochure. O.K. VID- 
EO, Box 63/6025. (Margate, FL 33063. (305) 
752-9202. 

CABLE descrambler liquidation. Major maRes 

and models available. Industry pricing! (Example: 
Hamlin Combo's, $44 each. ..minimum 10 orders). 
Dealers only! Call WEST COAST ELEC- 
TROmCS, (818) 709-1758. 

SURPLUS ELECTRONICS. New giant wholesale 
catalog. Hundreds of amazing bargains, $2, Box 
840, Champlain, NY 12919. 

SOLAR electric systems. Discount prices. SUN 
POWER-TEXAS, TO Box 2788A-R, Freeport, TX 
77541. (409)233-8350. 



TUBES: "oldest," "latest." Parts and schematics. 
SASE for lists. STEINMETZ, 7519 f^aplewood Ave., 
RE, Hammond, IN 46324. 

CABLE converters and descramblers. Call or 
write for free catalog. Includes Jerrold, Oak, Zenith, 
Hamlin, Scientific Atlanta, many more. NU-TEK 
ELECTRONICS, 5114 Balcones Woods Dr. #307, 
Suite 298. Austin, TX 78759-5212. (512) 250-5031. 



FREE CATALOG 



FAMOUS "RRESTIK" BRAHD CB ANTENNAS 

AND ACCESSORIES. QUALITY PRODUCTS 

FOR THE SERIOUS CB'er. SINCE 1962 



FIRE3TIK ANTENNA COMPANY 

2614 EAST ADAMS 
PHOENIX. ARIZONA 85034 



LASER Listener II, other projects. Surveillance, 
descrambling, false Identification, Information. 
Plans, kits, other strange stuff, Infomiational pack- 
age $3.00 refundable. DIRIJO/BOND ELEC- 
TRONICS, Box 212, Lowell, NC 28098. 

ENGINEERING software, PC/MSOOS. Hob- 
byists — stuberts — engineers. Circuit de- 
sign, FFT analysis, mathematics, logic 
simulation, circuit analysis. Free catalog, 
(614) 491-0832, BSOFT SOFTWARE, 444 
Colton Rd., Columbus, OH 43207. 





y CABLE-TV AT ITS BEST X 


/ 


SCIENTIFIC ATLANTA; 




Models 8500-8550-8580 . S275.00 


Sa 


SA-3 |Adt(-On Desc ram bier 1 . S 99.00 
JERROLD: 


SB-3 [Inl^and Gated Synci S 74.00 

TRI-BI [Tnmode/eistale S 95,00 

OAK: 

IVI-35B ICombo W/Vari-sync] . . $ 99.00 

rj-12 (Add-on W/Vati-syncI . . . S 89.00 

HAMLIN: 


a 

\ 


MLD- 1200 [Add-Onj S 89.00 

ZENITH: |2 TAC Descrambler] .SI 69.00 
CONVERTERS: |80Channels].S 96.00 

. 
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N.A.S. INTERNATIONAL 
vLONG BEACH. CA (2131 e31-35S2y 



LOW prices capacitors, ICs, transistors, switches. 
Special: 2712&-25 $3.25, Flyer SASE. SANTECH, 
11 Revere Place. Tappan, NY 10983. (914)359-1130. 

TOCOM V.I.P. shutdown? This "complete" module 
"turns on" descrambler. All modes; inverted video; 
no vertical jitter! Free schematic $37.00 COD's. 
MIKE, Box 2837, Champaign, IL 61825-2B37. 

CABLE TV converters anii descramblers. 
We sell only the best. Low prices. 86-3 
S79.0Q. We ship C.O.D. Free cataion. ACE 
PMDUCTS, PO Bm 582, Dept. E, Saco, ME 
04072. (207) 967-0726. 



mmm. your 

PROBLE]Vl$ 

■ MCM ELECTRONICS .,• 
HAS THE ANSWERS '! '. .; 

Haying trouble finding tlie electronic parts and components 
you need? Finding it impossible to get answers to order status 
inquiries or technical questions? Been bitten once too often by 
the "backorder bug?" 

Then it's time you look to MCM Electronics for... ■ A huge 
selection of more than 11,000 in-stock items ■ Competitive 
prices that boost your profits ■ Convenient TOLL-FFiEE , ■ 
customer service and order hotlines ■ Virtually no 
backorders! 

Ask for your FREE MCM Electronics Catalog today. When 
it arrives, place an order and find out how thousands of 
satisfied customers have erased their problems by turning to 
MCM for all their electronic parts and components needs. 

FOR YOUR FREE ONE-YEAR SUBSCRIPTION 
TO THE MCM ELECTRONICS CATALOG... 
CALL TOLL-FREE 1-800-543-4330 ■ 



^tei^ 



fS/ICM ELECTRONICS 

B50 COtvlGRESS PARK DR. 
CENTERVILLE, DH 43459-4073 
A PRtMiefi Company 
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CIRCLE 87 ON FREE INFORMATION CARD 



CONSOLIDATED 

ELECTRONICS 




E3E3EiEnS2lHaSa^SB^^^ 



[ ^r^ 



THE ULTIMATE 

ELECTRONICS CATALOG. 

Order your 260 page calalogue packed with over 1 0.OQO 

rrxiney ^vmg e^lronic parts and equiprr^erii. Serid £3.00 

check or money order, or call 1-600-543-356* today and 

use your Mastercard or Visa. 

Consolidated Eieclronit:B, frrcorporated 

r05 WalervlHt Ave., Dayton. Ohio 45420-2599 
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CIRCLE 70 ON FREE INFORMATION CARD 



3 FORI 
SPECIAL 

ON SUB-MINIATURE VOICE 
FM TRANSMITTERS. 

KITS CONTAIN PC BOARDS 
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•FMX-1 LONG RANGE {3 Ml) ULTRA SENSITIVE 
FM VOICE XUTR with fine tune, range control 
plus.... $29.50 




"TELX-1 TELEPHONE FM XMTR (3 Ml) auto- 
matically operates wtien phone is used. Crystal 
clear clarity with fine tune anct range control. 
Non detectable $29.50 




■ATR-1 AUTOMATIC TELEPHONE RECORDING 
DEVICE tapes telephone conversation all 
automatically $19.50 



ALL THREE OF ABOVE FOR $59.S0 



CALL OR SEND VISA, MASTER CHARGE, 
MONEYOROER.ETC.TOAMAZINGCON CEFTS, 
BOX 716, AMHERST. NH 03031 . (603) 673-4730. 



MICROWAVE TV RECEIVERS 1.9 to 2.7 GHz 



2 CH Compact Dtsti System -S77.95 
5 CH Dish System - ^.95 
12 CH Vagi (Rod) Syslem - S123,» 
30CHDisliSystcni-S163.90 Yagi-S1B.90 

StM MICraWME INT'L. ING. Stinil SI" lor 
P. 0. S QX 34522 citilDS on the!! 

PHOENIX. t,l eSOe? ami olher fini 

[fi02| 230-0540 vIlEO priiilucts. 

VISA>MC/COD HUANIITYOISCaUHTS UFtriHEWftFimNTi 






LASERS, frnm $40. for brochure write MWK IN- 
DUSTRIES, 9852 W. Kateila, Suite 340F1, Anaheim, 
CA 92B04. Or call (7U) 956-S497. 

RESTRICTED technical Informalion: Electronic 
sunreillance, schematics, locics mi thing, covert sci- 
ences, hacking, etc. Huge selection. Free bro- 
chures. MENTOH-Z, Drawer 1549. Asbuiy Park, NJ 
07712. 

TUBES, new, up to 90% off list. KIRBY, 298 West 
Carmel Drive, Carmel, IN 46032. 

CABLE TV converters and descramblers bar- 
gain tieadquarters. Zenith, Jerrold, Scien- 
tific Atlanta, Tocom. Hamlin combo w/re- 
mote $130. Oak M35B $60.00. Jerrold 400- 
DRX3DIC w/remote $134. Visa-M/C-COD. 
Call now (415) 584-1827. 



CB RADIO OWNERS! 



We spKialize in a wide variety of tectmitalldf ramatior , parts and 
seivices for CB radios, 10-Meter and W conversion liits, repair 
txwks, plaits, high-performance accessories. Thousands of 
satisfied cusiomer since 1976! Catalog S2. 



CBC INTERNATIONAL 

P.O. BOX 31500RE. PHOENIX, AZ 85046 



SOUTHWESTERN Bell home, business phone 
porducts. Wholesale dealer pricing to all. Cordless 
phone battery, antennas, more. $5.00 refundable, 
lor dealer catalog. RADD, 104 S. Broadway. Peru. IN 
46970. 

CANADA. Quality electronic components. Com- 
mercial and retail distribution. Competitive prices. 
No minimum order. For catalogue send $2.00 (cred- 
ited to first order) to M.U.C. SALES, Box 994, King- 
ston, Ontario K7L 4X8. 



duality Microwave TV Antennas 



Mu til-Channel 1.9 to 27 GHz. 40dB Gain 

30-Chflnn(]] SyKlcm completfi $149.95 

12-Chann4l System comptete S104J5 

^-Channel Sys^Lflm compleiB $79.95 

PtNllniKh Elsctnmlct 

LIFETIME <B02) 947-7700 l!aOaCreililllllltionciin)irs!| 
WAHBAWTV Mil1tri:ir[l • Uiii • COOi ',>i;jriini i'liciiit 



STEPPER motor drive & control with Commodore 
64. Affordable hardware, interface, & software. 
Send for detailed literature & prices to: MASE, R.D. 
#2 Box 166, IVIohrsville, PA 19541. 

FASTEST color TV repairs, eliminate "Guesstima- 
tion" 100 priceless secrets. $2.00 for sample. MAR- 
TIN AND ASSOCIATES, 60 Surfview Drive, 
Pittsburg. CA 94665. 

fHELP — someone needed to "revive" SA 6550-321 
Box & then "fix" it. MIKE, 104 S. Broadway, Peru, IN 
46970. 

INFRARED remote tester, cable converters, more. 
Free Brochure. ACTION PRODUCTS, Box 916, 
New Castle. IN 47362. 



SATELLITE TV 



VIOEOCYPHER II descrambling manual, sche- 
matics, video and audio. Explains DES, EPROM, 
Clonelifl aster, 3Musketeer. Pay-per-view (HBO, Cin- 
emax. Showtime, adult, etc.) $13.95, $2 postage. 
CABLETRONICS, Box 30502R, Bethesda, I^D 
20814. 



CABLE TV. CONVERTERS 

WHY PAY A HIGH MONTHLY FEE? 




All Jerrofd. Oak, Hamlin, Zenith, Scientific 
Atlanta, Wagnavox and all specialized cable 
equ ipment available for shipment within 24 
hours. For fast service MC/ VISA or C. 0.0. 
telephone orders accepted (800) 648-3030 
60 Day Guarantee (Quantity Discounts) 
8 A.M. to 5 P.lvl. C.S.T CLOSED WEEK- 
ENDS- Send self-addtessed Stamped enve- 
lope (60s postage) for Catalog. 
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LecTRonicsinc 



PO. BoiSOOD 
Suite 311 |R| 



S Carpentersvllle. IL 601!0 



Mo Illinois Orders Acoepied. 



CABLE TV secrets — the outlaw publication the 
cable companies tried to ban. HBO, Movie Channel, 
Showtime, descrambiers. converters, etc. Sup- 
plierS list included $e.9S. CABLE FACTS, Box 711- 
R. Pataskala, OH 43062. __^_ 

DESCRAMBLERS for movies, networks, $175, vie 
eoonlyS450 complete. Visa, MC accepted. Catalog 
$4. SKYWATCH, 238 Davenport Road. Toronta, 
Canada, t^5R 1J6. 

FREE catalog systems. Upgrades, Houston, Uni- 
den. Chaparral, etc. Save $$$$$. SKYVISION, 
2009 Collegevwiy, Fergus Falls, MN 56S37. 1 (800) 
334-6455. 

VIOEOCIPHER II manuals. Volume 1 — hardware. 
Volume 2 — software. Either $32,45, \Ajlume 3 — 
projects'software — S42.45. Volume 4 — repair — 
S97 45, COD'S (602) 7S2-2316. Catalog — $3.00. 
TELECODE, Box 6426-H. Yuma, A2 85366-6426. 



PAYTW AND SATELLITE DESCHAIVIBLI^G 
NEW... 1989 EDITION,,. NEW 



The newest systems, pararrelers. [urn-ons. harassment and 
cDuntGrmcasures being used b/ and against cable, wireless 
and satellite operalors. New orininal iniormation S15.95. Pay 
n Vol. 1 S14.S5. Volume 2 S12.95. EKpEriences with VC 
S12.95. I^CS/MMDS Handbook S9.95. Build Satellite Sys- 
tems Under S600. $12.95. Any 2iiii oi 6-'$42. Ecranibiing 
News Monthly S24.95^r Sample S3- Scrambling News V^ar i 
1 200 pages) i22.95. New Spr ing Catalog $1 or ca ll. 

M!rrT7ai-i7Si:fn;nr 



H.Y- 14216 COD'S 716-874-Z08B 



DESCRAMBLER: Build our low cost video only, 

satellite TV descrambler for most satellite channels. 
Uses emv to get, everyday parts. Boards & plans 
$35.00 US funds. Board, plans & parts $99.00 US 
funds. Wired & tested unit $189.00 US funds. Send 
check, money order or Visa to: VALLEY MICRO- 
WAVE ELECTRONICS, Bear River, Nova Scotia, 
Canada BOS 1B0 or phone (902) 467-3577. Sam to 
4pm eastern time. Klote: educational project only 
Not to be used illegally. 

SATELLITE TV njceiver kits! Instruction manuals! 
Boards! Semiconductor Parts! 59 deg LNA^I LNBS! 
Ku-Band LNB's! Catalog $1.00: XANDI ELEC- 
TRONICS, Box 25647, 21YY, Tempe, AZ 

85285-5647. 



BUSINESS OPPORTUNITIES 

EASY worki Excellent pay! Assemble products at 
home. Call for information. (504) 641-8003 Ext. 
5192. 

MECHANICALLY inclined individuals desiring 
ownership of small electronics manufacturing busi- 
ness-without investment. Write: BUSINESS-R, 
C.S. 9008, Baldwin, NY 11510-9008. 



NEW HE NE 
LASER TUBES $35 

Dealer Inquiries Invited. 
Free Catalog! 

MEREDITH INSTRUMEiSTS; 5403 N. 59th Ave. 

GlenchlcAZ S5301 • (602)934-5387 

"7^* Sifurct for Laser Surj^Us" 



X. 



EARN thousands with your own part tima elec- 
tronics business. I do. Free proof, intormation, IN- 
DUSTRY, Box 531. Bronx. NY 10461-0531. 

YOUR own radio station! AM. FM, TV, cable. Li- 
censed/'uniicensed. BROADCASTING, 80X130- 
F9, Paradise. CA 95967. 

INVENTIONS, ideas, technology wanted for pre- 
sentation to industry /exhibit ion at national innova- 
tion exposition. Cail 1 (BOO) ZSB-IDEA. 

PROJECTION TV... Make SSSs assemt3ling Proj- 
ectors. Easy!.,. Resuits comparable to S2,500 proj- 
ectors... Plans, 8" Lens & Deaiers information 
$22,50... Professionai systems avaiiable... lilus- 
trated cataiog free. MACROCOMA, ISGAX Main 
Street, Wasfimqton Crossing, PA 1S977... Credit- 
card orders 24 Hrs. (215) 736-gSaO. 

CREDIT. Free J1, 500 merchandise credit-exciusive 
platinum eard-no one refused-no security deposit- 
no annual fees-S10,000 credit line-(619) 280-5050, 
Ext. ACC21S. 

LET the Government finance your small business. 
Grants/loans to S500.000 yearly. Free recorded 
message: (707) 449-8600. 1KS1). ^^_ 




Mma 



DETAILED PLMtS: *T.gS 

TV-SCOPE 

P£HN RESEAJKH, 5ox 3543 
HnilHsport, PA 17701 



An Intarastln^ and worths 
Hhilla projact. This EASV- 
TO-BUILH circuit lots yOii 
Lia« &riy resuUr TV aat as 
t )1fei|>l4 OGCIILOSCOPE. 

m modlfloatlona to tv! 
Tlrty, 9v Ijittory (xwarftd. 
(ioea anyvhtereE Or^ar now! 
AaK for CHjr FBEC QATALM 

af oth4r olans and ktts! 



PLANS AND KITS 



BUILD this five-digit panel meter and square-wave 
generator including an ohms, capacitance and fre- 
quency meter. Detailed instructions S2.S0. BAG- 
NALL ELECTRONICS, 179 May. Fairtteld, CT 
06430. 

FM stereo transmitter. Transmit your VCR/CD/ 
Wafeman to any FM stereo radio. One chip does it 
all! Free schematic and info. Send a self addressed/ 
stamped envelope to: DJ INC., 847A Second Ave,, 
Suite 113, NevtYork. MY 10017. 

DESCRAMBLING, new secret manual. Build your 
own descramblers for cable and subscription TV, 
Instaictions, schematics, for SSAVl, gated sync, 
sinevrave, (HBO, Cinemax, Showtime, llHF Aduit) 
$8,95, S2 postage. CABLETRONtCS, Box30502R. 
Bethesda, MO 2QB14, __^ 

CB tricks booklet. Modifications, lune-ups, chan- 
nel expansion, clarifier tricks. SendS19.95 to MEDI- 
CINE MAM CB, PO Box 37, Ciarksville, AR 72830, 

FM transmitter 88 to 108 MHZ kit $12.95. SIERRA 
ELECTRONICS, Box 709, Elfers, FL 34680-0709, 

ELECTRONIC kits! Transmitters! Recorders! 
Phone devices! Bug detectors! Surveiflance items! 
More! Catalog SlOO: XANDI ELECTRONICS, Box 
25647, 601, Tempe, AZ 85285-5647. 

TRACKER circuit for your x-y input osdiloscope. 
Simple transformerfre si stive circuit. Test diodes, 
transistors, IC's. Complete plans $8,00, kit S24.95, 
assembled S34.95. TECH CENTER, 200 North 
Madison, Edmond. OK 73034. 

MIDI retrofit kits. Technicians and experimenters 
don't be ietl out of the Midi revolution! We have Midi 
retrofit kits for organs, including pipe, synthesizers, 
pedaltjoards and accordions. Buiid your own Midi 
controller keyboard! Write or call for free details and 
price list, TECHNICAL MAGIC, Depl. RE1, PO Box 
3939, Station "0," Ottawa, Ontario, Canada K1Y 
4M5. (613)596-9114. 



CABLE-TV 




BONANZA! 



•CALL FOB AVAILABILITf 



Name 

Address . 
State 



-City. 



G Cashier's Check 

Acct* 

Signature 



.Zip 

□ Money Order 



. Phone Number ( | 
O COD □ Visa 
Exp. Date 



ITEM 


1 
UNIT 


10 on 

WORE 


HAMUMMCCSDOUSfiCOnDEDHEMOTECUNVERTEIliCli li,i.lv 


J9CI0 


laoti 


PANASONIC WIRELESS CONVEHTEB loirt Bcsl Biiyi 


96 00 


79 00 


STAB GATE 3)00 


Be 00 


69 00 


■J6RHOLD40O COMBO 


169 00 


119 00 


JEHBOLD AW HAND WEMOTE CONTROL 


29 00 


18 00 


■JEHHOLDJ50 COMBO 


199 00 


139 00 


•JERBOLD J5D HAUD REMOTE CONTBOL 


?9 0O 


18 00 


JEBROLD SB-ADD-ON 


99 00 


63 00 


■JERROLD Sa-ADD.ON WITH TfllMOOE 


109 00 


r5 00 


■M-3iB COMBO UNIT .Ch 3 ouloul onlyi 


99 00 


70 M 


■M-35B COMBO UNIT WITH VAHISYNC 


109 00 


75 00 


■MINICOQE iN.i:. 


99 OO 


62 00 


■MlNICODE \n-\2l WITH VARlSVNC 


109 00 


6S«) 


■MINICOOE VARISYNC WITH AUTO ON-OFF 


US 00 


10S0O 


ECOMOCODE tmin,GOdc sunstiluli-j 


69 00 


4200 


EC0N0C0D6 WITH VARlSVNC 


ratio 


JSOO 


■MLD-iJQO-a (Cn 3oiilpuh 


«00 


6200 


■MLO-i;00-J iCn Po.ilpfit, 


99 00 


62 00 


■rEfJITH SSAVl CABLE READY 


ITS 00 


125 OO 


INTERFERENCE FILTERS iCIi 3only. 


WOO 


1400 


■EAGLE PD-3 DESCRAMBteR iCh rUi„lii,.l i.iily. 


11900 


65 00 


■SCIENTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBuER 


11900 


9500 



Quantity 


Item 


Output 
Channel 


Price 
Each 


TOTAL 
PRICE 






























































Gaiifornia Penal Code ff593-D forbids us 


SUBTOTAL 




from shipping any cable descrambling unit 
to anyone residing in the slate of California. 

Prices sutjject to change without notice. 


Shipping Add 

$3.00 per unit 




COD & Credit 
Cards - Add b% 




PLEASE PRiNT 


TOTAL 





O Mastercard 



3 



FOR OUR RECORDS: 
OECLARATIOH OF AUTHOfll^D USE — I, Ihe undsrwgnsd, do twetiy <)8clars unitef psriilty ol p«1ury 
thai all products purcfiawd, new and in tf>e luture, will only be used on CAbte TV »y»t«ma with onjpv 
auttwrizatiori Uotn k>cal ofTiciala ot cab44 coinpany o^icials in accofdarce wllti all appticable federal and 
stale laws FEDERAL AND VARKKJS STATE LAWS PROVIDE fOH SUBSTANTIAL CRIMINAL AND CIVIL 
PENALTIES FOn UNAUTHORIZED USE. 



Dated: 



-Signed;. 



Pacific Cable Company, Inc. 

7325V2 RESEDA BLVD., DEPT. # R-9- RESEDA, CA 91335 
(818)716-5914 ■ No Collect Calls • (818)716-5140 



IMPORTANT: WHEN CALLING FOR INFORMATION 

Please have the make and model # of the equipment used in youf area. Thank Vou 
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SCIENTIFIC & ELECTRONIC 
PRODUCTS 



PLANS 

Build Yourscn - All Pans Avijlibte m Stddi 

in-BurainGcmiNGrojUSER sai.oo 

BUM-TORIABUUSEflflAVmTDL KO.OCI 

TO!-3S£f«Ui1lIESL*C01LPlAHST01.5Me» S85.KI 

mj-IONIWYGUll tlO.OO 

BWI— GRAVnYGEKEfMTOn tlO.M 

EIL1- ELEC^IRO IMGNET CO IL GUK/UUHCNER SS.N 

KITS 

m All Nenssiry nans 

njK- m VOICE TRANSUITTER 3 Ml RANGE US.X 

VWfUtTK- mEPHONE TFUNSMITIER 3 Ml RANGE S33.50 

Bian- 2M.I»] VOLT mi- SPABK TESU COIL (243.50 

LUMIU SIMUUTED MULTICOLOR UBER $44.50 

BLSIJ^ lOO.mO WATT eiJ^STER DEFENSE DEVICE SM.50 

K1B7K-NEGATIVE IDN GENBWtDfl KIT i34.i0 

PSP4lt- IIMt VARIANT SHOCK WAVE PISIDL K9.50 

SIMK- ALL NEW SWCE AGE ACTIVE PIASMA SABER .... S59.SC 

SIB)^^Et lit DAflt! VIEWER HI (199.50 

P65II-PLASMA LIGHWING GLOfiE KIT MISO 

ASSEMBLED 

WiUi All Nrawars ItislTUCtions 

irciJ- 50,000 mT-VmRLD'SSMALLESTT(SlA COIL. ..(54.50 

LBlHd- mW HeN( VISIBLE HED LASEfl GUN (249.50 

WTJO- AUTO TELEPHONE RECDRDING OWCI (M.M 

IIltlB^lOO.OOO VOLT 20' AFFECTIVE R*«E 

INTIMMTOR (95.50 

LISTID-SNOOFtR PRONE INFINITY TFANSMUTIR S169.50 

IP67I)- INVISIBLE PAIN FIELD 

GENERATOR MUTLI MODE (74.60 

• CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS 
HUNDREDS M0F1E AVAILABLE FOR S1.00 OR USE OJR 
PHONE FOR - QROERS ONLY ' 603-673-4730. 

PLEASE INCLUDE 53.00 PH ON ALL KITS AND PRODUCTS 
PLANS ARE POSTAGE PAID. SEND CHECK. MO. VISA. MC IN 
US FUNDS 

rNFORMATION UNLIMITED 
P.0.B0X71 6DEPT.RE AMHERST, NH 03031 



CABLE TV 
DESCRAMBLERS 



JEFlR0LO™Tri-BiMo<te. 
JERROLD^SB-SORl 

I iBribi MID-1200 

0*N-12WA'.S 

0»k-M-35-B W/V.S 

OAK E.13.. 

Zoiiih SSAVl 

Elgin ro-3 „ 

ScieniTic AtlKnU.^....^.. 
S A-Combo'*.........,,.., 

To«m........ „...^ 

OiiN-12W/AutD 

Jcmjtd Slarcora CSV..,. 



$105.00 

(89.00 

S99.« 

SW.M 

S99.00 

J99.M 

S1S5.00 

(120.00 

Jl 25.95 

CAli 

SJSO.OO 

(140.00 

(139,95 



10 Lot 

IS5,00 

S65,00 

MiOO 

S«^00 

(18.00 

SS8.00 

S145.00 

S85.00 

S105.00 

sais.oo 

(105,00 
Call 
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*NEW STARGATE 2000 
CABLE CONVERTER 




l-$89.00 10-$69.00 100-Call 

Last channel recall-Favorite channel select- 
ySchannet-Channel scan- Manual Tine tune- 
One year warrant-surge pnotection-HRC S Stand- 
ard switehable- and much more. Call Tnd;iv! 



INFORMATION(402)554-041 7 
Orders Call Toll Free 
1-800-624-1150 

M.D. ELECTRONICS 
115 NEW YORK MALL 
SUITE 133E 

OMAHA. NE. 68114 



H.C. 
VISA 




REMOTE CONTRdLKEYCHAIN 

Complete w/mini~lransmitter 

ana -fS vdc RF receiver 
Fully assembled inclLfding plans 
to build your own auto alarm 
Quantity discounts available 

d^H n nc CtTeck,Vlsa or MAC 
cpl y.yO Add S 2 shipping 

VfSiTECTiNC, (415)872-0128 

PO BOX 5142,50, SAN FRAN..CA 94080 



LEARN to develop microcantroiler prajecls. New 
platform reveals iiow. interfaces to IBM PC/Com- 
patibles, INTERRUPT TECHNOLOGIES, 117 E. 
Apollo, Garland. TX 75040. 

DA2ER defense devices! Micro transmitters! Plans, 
kils! Catalog S1.00. QUANTUM RESEARCH, 
17919-77 Avenue. Edmonton, Alberta T5T 2S1, 

PRINTED circuit boards etched & drilled. Free deliv- 
ery, K & F ELECTRONICS, INC., 33041 Groesbeck, 
Fraser, Ml 46026, (313) 294-8720. 

RADIO astronomyl Montiily magazine, books, 
components. $300bringssamplepackage.BOB'S 
ELECTRONIC SERVICt, 7605 Deiand, Ft. Pierce, 
FL 34951. 

DETECTION — surveillance, debugging. Plans, 
kits, assembled devices Latest higii-teoh catalog 
$5. DETECTION SYSTEMS, 2515 E. Thomas, 
#16-864F, Phoenix. AZ 8S016. 

CATALOG: hobby/broadcastlng/HAM/CB: Cable 
TV, transmitters, amplKiers. surveillance devices, 
computers, more! PANAXIS, Box 130-F9, Para- 
dise, CA 9S967. 

CONSTRUCT and package industrial circuits using 
E-Z Buss prototyping system. Free brochute. NA- 
TIONAL SYSTEMS, Suite 150, 17 Hammatt Street, 
Ipswich, MA 01938, (508) 356-1011. 



SCRAMBLE FACTS 

718-343-0130 

PHONE TODAY lor 3 minutes o1 
satellite TV industry news, technical 
tips, and new product information. 



SURVEILLANCE equipinent design gives 58 

schematics of Sheffield Electronics* surveillance de- 
vices. Circuits explained. Transmitters range from 
pens to one-mile VOX'S including crystal, subcarrier, 
carrier current, infrared, firefly, automobile. Demod- 
ulators given. Cube lap and duplex mains powered 
transmitters presented. Eighteen telephone trans- 
mitters are leech and battery types including crystal 
and subcarrier Counlermeasures chapter Much 
more. This8 1i'2x 11 inch 110-page book is illustrated 
with photographs. Price $30,00 -i- S4,00 S & H. First 
class mail U.S. & Canada. Overseas Airmail S & H 
$9.00, One-day processing, pay with Money Order 
or Cashier's Check. Send to: WINSTON AB- 
RINGTON, 7223 Stony island Ave., Chicago. IL 
60649-2806. 

PROJECTION TV Convert your TV to project 7 loot 
picture... Easy... Results comparable to $2,500 proj- 
ectors... Plans and 6" Lens $24,95... Professional 
systems available... Illustrated catalog free... 
MACRO CO MA, 15GA Main Street, Washington 
Crossing, PA 18977. Creditoard orders 24 Hrs. (215) 
736-3979. 



EDUCATION & INSTRUCTION 

MAGIC! Four illustrated lessons plus inside infor- 
mation shows you how We provide almost 50 tricks 
ircludlng equipment for four professional effects. 
You get a binder to keep tfie materials in, and a one- 
year membership in the International Performing 
Magicians with a plastic membership card that has 
your name gold-embossed. You get a one-year sub- 
scription to our quarterly newsletter "IT'S MAGIC!" 
Order now! S29.95 for each course -i- $3.50 postage 
and handling. (New York residents add applicable 
state and local sales tax). THE MAGIC COURSE, 
500-B BiCounty Boulevard, Farminqdale, NY 
1173S. 



SINGERS! 

REMOVE VOCALS 

FROM RECOUDS AND CPs! 



^< J a 






Sing With The Worlo's bestbahds! 

An Unlimiltd supply o( Backgrounds from sldndatd 
stereo recoids! Record Mith your voice or perform live 
with the backgrounds. Used in Prolessioiial PertomiBnce 
>el connects easily to a home component stereo, Ttils 
unique product is manufactured and sold Exclusively by 
LT Sound . Mot sold through dealers. Call or write for a 
Free Brochure and Demo Record. 
LT Sound. Dept.R L-3,7980 LT Parkway 
Lithonifl, GA 30058 (404)482-4724 

Manuraclured and Sold Exc' ■•.■ — ' 



IBM PC. Learn assembly language. Spaceship 
game. Find princess game. $5 each Book $18. 
2IPFAST, Box 12238, Lexington. KY 40581-2233. 

LEARN before you leap, plain-english guide to 
buying computers. What questions to ask, what an- 
swets mean. $8,50 PP, check, MGVisa. HMI, 5908- 
R Pleasantridge Road, Arlington. TX 76016, 

CCD Video camera. Leam how imaging IC's work 
and how to use them to build a low cost video 
camera. Send $19.95. VITRONICS, PO Box 7, Sta- 
tion G, Calgary, Alberta, T3A 2G1. 



WANTED 



SEISMOMETER wanted to measure earthquakes. 
F^y cash. D. HUTCHISON, 4000 Utile Timber, Ed- 
mond, OK 73034, (405) 341-9615, 



DESCRAMBLER MODULE 

LATEST technology alternative to Jerrold SB-3 or 
Radio-Electronics Feb. 1984 project. Featuring 

electronic tuning, AGC, auto-on/off, AC/DC power, 
mini-si^e, AST and more. For literature — SOLITH- 
TECH DISTRIBUTING, (813) 527-2190, 



-t( -It -It -K -K PRESEftfTING -It -It -It -tr * 

CABLE TV 



T 



*-k*M* STARRING -Ir -tr -tr * ->r 

JERROLD, HAMUN, OAK 

AND OTH£ft FAMOUS MANUFACTURERS 
* RhiEST ^lA^ftRA^^nrPRCxilWH *lajlahlf 

t LOWEST RETWL/M*HOt£SAUeMHCESrJSrU,S. 
I OROER; SMJW^O FBOW stock SMfTHlliJ Jt HOUBi 
FQFf Ffif f CATALOG ONLY 1*S00-S4S-S927 
FOftALi INFORMi^TlON 1 -81 3-7] 6-5914 



fVUinC CABUE CO. INC, 



DIGITAL CAR DASHBOARDS 

BUILD yourself a complete electronic dashboard. 
Free details, S1.00 P&H, MODERN LABS, 2900 
Rulsseau. St.-Elizabeth, QC. JOK 2J0, Canada, 



BUY BONDS 



CIRCLE 53 ON FREE INFORMATION CARD 




A CABLE TV CONVERTERS 
& EQUIPMENT 



'^ 



ONE 10+ 
PANASONIC WIRELESS "^^^'^ ^"^'^ 

CONVERTER 1403N 05.00 . . .74.00 

JERROLD 400 CXJMBO W/ REMOTE 

PRX3DIC) 134.00 ..100.00 

JERROLD 4M OR 450 REMOTE 

HAND UNIT 24.00 ... 15.00 

JERROLD JH X3DIC 84.00 . . .65.00 

JERROLD SB ADD ON 74.00 . . .65.00 

JERROLD SB ADD ON WITH TRI-BI . . . 96.00 . . .75.00 

OAK M-35 COMBO 79,00 ...50.00 

OAK MINICODE (N-1Z) ,...84.00 ..,59.00 

OAK ECONOCODE (E-13) 64.00 , , ,40.00 

HAMLIN MLO 1200 64,00 , . ,55.00 

SCIENTIFIC ATLANTA SA-3 ADD ON . 109.00 , . .80.00 
INTERFERENCE FILTER 

(CHANNELS OR 6) 24.00 , . .14,00 

SCIENTiFlC ATLANTA 63 CHANNEL 

CONVERTER 95.00 . . .80.00 

PIONEER CONVERTER BA 4500 

SERIES 100,00 , . ,65.00 

TOMCOM VIP Call for pries and availability 

ZENITH FLASHING Call for price and availability 

ZENITH SSAVl Call fof price afvd svailability 

EAGLE PD-3 Call tor price and availability 

VIDEO-LINK 

Enterprises, Inc. 

165 W.PUTNAM AVE. 
GREENWICH, CT 66830 

(203) 622-4386 

MONDAY - FRIDAY 1 AM — 5:30 PM. E.S.T. 
IMPORTANT: Have make and model 
# of the equipment used in your area. 



QTV 


ITEM 


OUTPUT 
CHANNEL 


PRICE 
EACH 


TOTAL 
PRICE 
































NO CONNECTKIUT SAJ_ES. 11 


SUBTOT, 




is nol the intoni of VIDEO- LINK 
ID d&fraud an/ pay lele^^sion 


Shipping 
i3/Umt 




any oorapany or individual in 
doing so. 

PLEASE PRINT: 


COD: 
Add5» 




TOTAL 





a CASHIER'S CHECK D M.O. D CO.O, 

NAME 

ADDRESS ^ 

Ciry^TATE/ZlP 

PHONE 

Etc NATURE 

WAIVER. 



Since I, the undersigned, fully 
understand thai Itie ownership of a cable decoder 
does not give Ihe owner of ttie decoder li^e right to 
decode or view premium cable channels without 
proper autiiorization from their local cabte company, 
h&reby declare under penalty of perjury Ihal all 
producis purchased, at any time, will only be osed 
on cable TV systems with pfoper aulhorization Irom 
local officials or cable company officers in 
accordance with all applicable federal and slate 
laws. Federal and various slate laws provide for 
sutjstantial criminal and civil penalties tor 
unaulhorized use. 

I Oaled! Signed: I 

CIRCLE 64 OH FREE INFORMATION CARD 



mUTSB VOLTS 



F3.0. Bom 111t-t 
71:4 B39 7731, 



GiVE VOUnSELF A BHEAK — A PRICE BHEAKP 
NUTS fi VOLTS WIILL 5*^ VOU MOUEY 
Qh ELEcrnOlVICT PABTS t EQUIPMENT 
PTiri SHOW VOU WHERE TO RNO UNIOUE, 
IJNL^SUAi AIMC HAflD-TQ-FIND ItEHTS. 

eUBSCniBE TOCIAV] "^"^^ 



A f/itieiu! Ptihl.'^^if/f hf fh4 Bityiflj AfitSeSli^ Of BKinak f^it^mf/tf 




ATTENTION CABLE BROKERS 

SURPLUS CATV converters and descramblers at 
wholesale prices. Unmodified units only. Oak M35B 
$30, Hamlin MLD 1200 vif/remote $35. (415) 
337-8301. 



INVENTORS 



INVENTORS! Can you patent and pi-ofit from your 
idea? Call AMERICAN INVENTORS CORPORA- 
TION for free infomnation. Over a decade of service 
1 (&00) 338-5656. In Massachusetts or Canada call 
(413) 568-3753. 



COMPUTER BOOKS 
DISCOUNT computer books. All titles avail- 
able, including recent releases. Please call or 
writeforourlatestcatalog.BOOKWARE,147 
Campville RoaiJ, Northfield, CT 06778. 
(203) 283-6973. 



CABLE T.V. 
'"BOXES" 



Converters — Descramblers 
Remote Controls— Accessories 



* Guaranteed Best Prices * 

* 1 Year Warranty— C.O.D.'s * 

* Immediate Siiipping * 

« FREE CATALOG ♦ 

Ca/( or Write 

TnANS-WORLD CABLE CO. 

12062 Souttiirest 117th Court. Suite 1ZG 

Miami. Florida 33186 

SDO-442-3333 



Copies of articles from this 
publication are now available from 
the UMI Article Clearinghouse, 

VesI I would like to krtCM' more about UMI Article 
Clearinghouse, I am mtere&ted in electronic 
orderingi thrau^ the following jy&temEs): 
□ DlALOG'Dialorder D ITT Dialcom 

ZlOnTyme GOCLC ILL Subsystem 

G Other (pleajt specify I- 



'^ I jm interejtetl in sending my order by mail. 
n Pleueiend me your current catalog and user instruc- 
tions ioT the systemis) I checked abf^'e. 

Name 

TilleL 



In jt j tut ton ' Com pany^ 
Department 

Mdreis 



.Zip. 



C ity State- 
Phone ( \. ^ 

rjMnr-Vrficlr 
CTeanngliouRe 

Mail to; University Microfilms International 

3O0 North Zeeb R^d. Box 91 Ann Arbor. Ml 4SH>6 



Active 

keeps you 
active! 




Whether you are in an "after- 
hour emergency" or are a 
dedicated "do-it-yourselfer", 
Active can help you! Visit 
one of our conveniently 
located stores, or refer to our 
catalogue. Call toll-free to 
access North America's 
largest and best selection of 
electronic components and 
accessories! Active, an 
affiliate of Future 
Electronics has over 12,000 
first grade, industrial items in 
stock ready for immediate 
delivery. 

You can count on us! 

Locations Nearest You 



West borough, MA 

508-365-8899 
Woburn, MA 
617-932-4S16 

Long Island, NY 
516-471-5400 

Mt. Laurel, N.J. 
609-273-2700 

Detroit, Ml 
313-6B9-BO00 



Chicago, tl 
312-593-6655 
Seattle, WA 

206-881-8191 

Santa Clara, CA 

40fl- 727-4550 
Baltimore, MD 

301 -536-5400 

BY PHONE 

1-800-ACT1VE-4 




TOLL-FREE 
1-800-ACTIVE-4 



CIRCLE 52 ON FREE INFORMATION CARD 
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SPECTRUM MONITOR 



cominued from page 64 



figured as an astable, its real purpose 
is to function as an additional voltage 
source. It works in conjunction with 
T2, a 3:1 toroidal auto-transformer, to 
provide the tuning voltage. Most 
tuner/converters need 0-25 volts for 
fuli-range control. The primary of T2 
is supplied by the +10 volts froin 
1C3, and the 143.056-kHz oscillation 
superposes an additional 20 volts, 
producing 30 volts across C31. The 
duty cycle is very low to conserve 
power. Next, D5, a 25-volt Zener, 
clamps and regulates the tuning volt- 
age, and Rl 8 controls the tuning volt- 
age for the first local oscillator in the 
tuner. 

'^ For tuners requiring negative or 
multiple voltages, T2 will have to be 
modified. For a different maximum 
amplitude required, change the ratio 
of T2, and for a negative voltage, 
reverse D4 and D5 and also the non- 
tap terminals on the auto-transformer. 
ITiis will force the auto-transformer to 
generate negative-going pulses, 
which will be superposed upon the 



+ 10- volts DC. Reversing D4 and D5 
allows current to be passed in the re- 
verse direction, and the Zener voltage 
of D5 could be changed if needed. 
The horizontal sweep generator pro- 
duces both sawtooth and pulse wave- 
forms, and can be externally 
synchronized. 

The purpose of D9, DIO, and R33 
is to allow the negative and positive 
slopes to be set indef)endently. Note 
that R33 is in series with D9, but that 
there's no comparable resistor in se- 
ries with DIO. Thus, R33 extends the 
duration of the sawtooth waveform 
up-ramp so the CRT beam fits on the 
horizontal axis of the graticule. Then, 
DIO permits a steep, rapid discharge, 
minimizing the sawtooth waveform 
fall time and permitting fast horizon- 
tal retrace. Sweep- frequency potenti- 
ometer R32 allows the time constant 
to be varied. 

Zener-diodes D7 and D8 clamp the 
output of the oscillations from 1C7-C, 
D7 the negative-going direction, and 
D8 the positive-going direction. 
Then, IC7-d buffers the sawtooth 
generated across C39, and lC7-c 
switches C39 from charge to dis- 
charge based on the feedback through 



R34, Finally, D6 routes the blanking/ 
sync pulse to the vertical section 
(IC7-a and IC7-b) for vertical retrace. 
Note that D6 may need to be shorted 
or left out for faster vertical retrace, 
although some oscilloscopes will ex- 
perience vertical overshoot as a result, 
"fcu'll have to experiment with what- 
ever oscilloscope you use, in order to 
decide. 

True "Z"-axis control (blanking or 
brightness) is difficult to obtain on 
many oscilloscopes. If yours permits 
external blanking control, it's avail- 
able as a positive pulse from pin 8 of 
1C7-C, This pulse drives the CRT 
beam vertically off the screen during 
retrace and turns the vertical amplifier 
off, preventing retrace from being 
seen. 

The Signetics TDA7000, 1C6. is a 
complete FM receiver on a chip. The 
tank L1-C26 for the Volt- 
age-Controlled Oscillator (VCO) on 
pin 6 is the only RF adjustment. Only 
L2, C15, and C16 are required on IC5 
as external components to create the 
RF input filter and perform matching. 
If the IF is 45 MHz, the value of LI 
may need to be increased. By altering 
LI, any IF from 30^110 MHz may be 
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EMINENCE .H^ ®*»OJOHOLA Potydax 

1-800-338-0531 ^ pioneer 



3-WAY lOOW CROSSOVER 



12 dB/«rtive rolloff. 

eooHi, soocui 

crossover jwinls. S 
ohm. 100 wilts XMS. 



m 



#260-210 



$12.50 

(1-9) 



$9.95 

(lO-up) 



SPEAKER CONTROL 

PANEL 

Pine) with 50 watt L-pa,ds 
tor tweeter and inidrange 
4JKl buill-in LED pcwei 
nvCEer. 5'x 2 1/2" 100 
ivfttt TSfilon mTallBbls' 

$1<L50 

#260-Z3S (1-S) 




$12.90 

(6-up} 



12" POLY WOOFER 



Super duty, 40 m. nuonet 
100 want RMS, 14S mm 
xnax. 4 and S ohm canqMl- 
ibla [6 ohm). T voice coiL 
Ii = MMi. 0TS=.ie8. 
VAS- 10.8 cult. 
Betponae: 25-1900 Hi. N«l 
weights 9 lbs. Pionser 
#A30GU4(I-51D 



#290-125 



$3G.80 

(1-3) 



<o 



$34.50 

(4-cpl 



WALNUT SPEAKER 
CABINET KIT 

Siq>er qiulity. 
genuine irtlnut 
V6ne«r c&buiet. Kit 
iiurhides: rautsd and 
mitiwl tep, ^d*a» 
and bcpttorn in 
unfinished ^4' 
wBlmit v«nA«r, Cat 
y^PUTOwn cuitom 
holes in the front 
and Tfl>T to match 
your drivers. IJTi 
2A' X 1 r. VotumK 
1:9 cubic feeL 

#260-350 *22.M $19.95 




PIONEER HORN 
TWEETER 



Mylu dome. 2.33 ot 
btrhun ferrii* mt^net. \ 
titim. ItetpomA: 1800- 
SOOOOHi, 38WRMS, 
SOWmiot. i»=3000Hl, 
SFL=10«dB. 
#AKEea,91F 



#270-050 



^ 



$5.90 

(lO-up) 



^express 



MH £. Pm Si., DiytKV Otis t 
tKtl: |.SJ3,121,017I 
TAX 913-SS2-4W 



' l9dcjFnn«¥b*(^?uinn««'S15.00mninim«d« 'WfrKopt 
Ifi— Mill VW Di«DV«, vid C^OXr. on^ *M hourdippEig 
'StuppinV chmrg* - OFS ciitrt T>t« ^ II ^ {13.00 cnuumun) ctui^] 
*Haun:K30 im- B..00pinOT. M^ndty - rhdiy 'Uulcrdu 
cuiloTntn, plHH oQ For ihippm? vnimtu on «d«n •xcvftding 



12" SUB WOOFQl 

Dual voic« coil sub woofsr. 
30 02. magnflt, 2* vDic« 
coili. !00 wtw RMS, 149 
mm max. fs-29Hi.e ohm 
(4 iAd 8 ohm comfudbl*). 
SPl = 89dB IW/IM. 
R«pon»e: 29-700 (it. 
0TS = .31, VA£=10.3cu. fl. 
PionHr #A30Ct)30,SSD, 
Not weight 6 lbs. 

#290-145 



£39.80 

a-3) 




IS ' THRUSTER WOOFER 

ThiuEIer by Emmanco. 
MAdo Ln USA. Poly lo*zn 
eurround, 56 oi. tnivnet. 
2-l>2', 3 UyvT voicfi cail. 
ISO wins RMS, 310 wtttK 
max, 4 otun. Ii = 23.9 
Hl.OTS=.33. VAS=1T.8 
cuh. SPL = 94.adB IW/ 
IM. (let veisht IS Ibi 

U3.50 $39.80 




#290-180 



(1-3) 



(4-up) 



GRILL FRAME KIT 

WiiJi ih« kit yooi 

grill frunei up lo 
3Cri«r. Kit 
incUidw 4 comer 
pieces, 2 T" 
brAckeis, and 7 
&mme ban. Grill 
mouiuiiig kit 
induded. 




#260-333 



$3.50 

(1-9) 



$7.80 

(lO-up) 



18'^ EMINENCE WOOFER 

MABEINUSA 
iOO oi- magnet, 3' voice 
coil. 250 W4ttfl RMS, 350 
watts m^ 8 ohm, 30 Hi 
resonant frequency, 22- 
2T00 H£ letponue, 
Emciercy: » dfi IW/IM. 
Papex cone, iieaied 
bcoordiut surround. Net 
weight: 2% lbs. 

$98.90 $89.50 

#290-200 *(i-3) {4-up) 




TITANIUM COaWOSITE 
TWEETER 



TsbnifTi \s iJiot^ciittid oti ■ pctfintt 
doiw to ccmhnB tbe Advaibg^ of 
bcth hud v\d Kft <lOEn4 

eoolod VDic* ir^iL Ei= 1^ Hi, 
SPL = 90 dB 1W;1U. 90 mm KMS, 
70 mttu mu, 4' round Potydu 

p^^DTWioori^ $2480 

#270-047 (1-9) (10-up) 



(§ 
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used. It's also possible to similarly 
adapt L2. 

The TDA7000 reduces the received 
signal deviation from ±75 kHz to 
± 15 kHz (suitable for the internal IF 
of 70 kHz), using an internal Fre- 
quency {not phase) Locked Loop 
(FLL). The TDA7000 greatly sim- 
plifies the circuitry for many tuned 
circuits and filters, and neither needs 
nor uses AGC. In its place, a sample 
of IF limiter voltage is fed back to the 
IF LIMITER CAPACITOR input (pin 12), 
after being buffered and amplified by 
IC7-a. The gain of IC7-a is controlled 
by R22 . The prototype used 500 K for 
R22, but the gain can be varied by 
using a potentiometer. 

TTie positive signal portion of the IF 
envelope is amplified by lC7-b to pro- 
duce the vertical drive. Potentiometer 
R25 sets the base line to "rectify" the 
signal from lC7-a. Between lC7-a 
and IC7-b, a two-pole low-pass filter 
smoothes DC ripple and reduces ver- 
tical overshoots. Also, lC7-a converts 
the high-impedance receiver section 
AGC, where the RF level is derived, 
to something low enough for proper 
filter design, while also providing 
some gain. Overall, IC7-a and IC7-b 



provide a gain of about 40. 

The tuner is the heart of the spec- 
trum monitor. It accepts the rfin (J5) 
and produces a 63-MHz if out (J2). 

The FIRST LOCAL-OSCILLATOR TUNING 

VOLTAGE controls the first local os- 
cillator. Remember that there are two 
operating modes, FM receiver and 
spectrum monitor. In the former, the 
tuning voltage is steady DC and is 
determined by center frequency po- 
tentiometer R 18. In the latter, the tun- 
ing voltage is swept. 

Sweep-width potentiometer R20 
controls the tuner sweep-voltage and 
how much of the spectrum is dis- 
played. The SPDT switch S2 selects 
between modes, not merely by select- 
ing between the outputs for each with 
both sections (IC4 and IC7) operating 
simultaneously, but actually switches 
power between them, saving power 
and avoiding any coupling problems. 

Well, we regret that we must stop 
here for now, as our space has come to 
an end. However, next month we will 
continue with complete construction 
details, including PC Service. We'll 
also show you how to troubleshoot 
any problems. We will then, of 
course, show you how to use it. r-e 



ASSEMBLE YOUR OWN 
COMPUTER FOR LE$$ 



.,$379 







IBM XT 10 MHi Compatible Wt 

• A.Tjm MHi MothsrtxMfd 

• ESSKH RAM (e40KB max) 

• 1 SOW Powar Supply 

• Floppy Df«k Contralter 

• Ona 5 V4' aeoKB Otw 
•MonoSraphhCf Cwd w/ P 

• 101 Ksy Keyboard 
•Css* (SLED^Button.Kay) 

• 12* Ambar Mono Monitor 

• Initallftllon Gulda & Maruad 

IBM AT 12 MHz Compatible Kit $705 

• a/12 MHz Mothaiboard 

• 51EKBRAM(4MBmax) 

• aooW Power Supply 

• Fkippy Dlih CkKitrollar 

• OnaS V4" l-ZMBDrtva 

• MonoGraptiici Card w/ P 

• 101 Kay Keyboard 

• Om [31.ED,2autton.Key) 

• 12' Ambar Mono MonHor 

• Installallor Guide &Marual M-- '^ 
Djaptay Upgrade: Hard Drive Option: 

CGA Pacltage tSOO 20MB wAJTR. XT-t275 AT-t31 5 
EGAP«K»0«t*55 30MBw/CTra.)CT-S310AT-M10 
VGA Package £S00 40M9 w/CTFILXT-S3aOAT-$4tS 

MS-DOS wilh GWBAS<C $75 

AJI Componantt Fully Tttfted Before Siilp 

VISA & M/C lubject to 3% surcharge 

Prbce & Quantity subject to change wfthoLjt prior nolics 

15% Reatocldng Fee on All items 

JINGO COMPUTERS INC. 

5122 WALNUT GROVE AVE. 

SAN GABRIEL, CA 91 776 

Tel: (818) 309-1108 

Fax:(818)309-1107 

IBM, XT, AT ara r*gJstarAd tradeinarks Cif 
Intamattonal Business Machirte. 
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you CAN ONLY FIND SUCH LOW PRICES AND ADVANCE TECHNOLOGY AT 
MARK V ELECTRONIC KITS AND PROJECTS FOR AMATEURS AND PROFESSIONALS. 



indicates the level of difficulty in ttie assembling of our Products. 



AMPUflEPS 



MODEL 

TA^)01 

TA406 

TMWl 

TA-10 

TA,3AMK2 

TA-50A/B 

TA-50C 

TA.|20M)U 

T^-JOO 

TA-MI 

T*-i2I! 

TA-32JA 

TA-377A 

Tlk-4I)0 

TA.4JJ 

TA-aoo 

TA-M2 

TA-aiCA 

TA-1000A 

TA-ISOO 

TA-34DDA 

TA-3500 

TA-JSOO 

TA-MOO 

TA-J600 



I>E5CEiFT10N 



KIT ASSEMBLED 



tW Min!-AiTvpljl«r A 1 5,07 

6W Mini-Ampiilier i. .,,,, 6,90 

l^W Mini-ArapliliH A 11,20 

SHreo Pre- Amp wymaflnelic mlc. amp, A 8,20 

Dijiiai Voice Recordti a A 3(1,00 

MultJ-PurposB Melody GEflwatm A .,,. 11.M 

Multipurpose Melody GenHalOf a ,,,, ,.,.-,..,.,,,.. 12.6S 

Class "A" Main Pcwer MoncrAmp. A A .,,,,,,.-,, 31-25 

30W Multh Purpose Single l^hanoel Amp. A , 15,00 

60 W Slereo Power Booster A A* ,,.,.,.,,.,,,.,,. 50.00 

SOW -r SOW ic Stereo Amp. */led level disdiy A 35.50 

HO SOW -1- 30W Stereo Amp. A 29.50 

FET Stereo Pre- Amp. AAA* , 59.95 

40W Solid Smc MorB Amii. A 18.62 

120WMosfetPo*ef MonoAmc. AA , 68.00 

sow — aow DC Pre-Malji S Power Amp. A A 60.9J 

8DW-r-aOW DCSIercoMiinPower Amp. AA 45.94 

80W-l-60W0CLOCPrc-MainStcreoAmp. AA *MB 

1 OOW ClJSS "A" Main Poivet Monti Amp. A A S9.6$ 

100Wx2Ctass"A" DCSiereoPre-MarnAmp.AAA,.,.. 73.70 

Electronic Ectio S Revelation Amp AAA* 9330 

HQPre-Amp wHO barwl graphic eoualner * , 

HhFi Bi-Fes Pre-Amp W|i3 way tone conlrol A A 48.00 

SUrm SimulaUX A A 33.S0 

SOOWHOHI-FiPwer MonoAmp. AAA BS.OO 



$ 4D.00 
18.5S 

17.71 



116.80 

go.OD 



1 1 0.00 



lUETAL CABHters 


MODEL 


DESCRIPTION 

3" I t2'' I 7" 
4' s t6'' I a" 

4"xt9"x11.5' 

5" I 19" I 11.5- 


MATCHING 

yA-2B00, TA-377A 


EASET 
S20.1B 




TA-3221, TA-323A TA-377A 


24,84 


L(i-I»4 


TA-802, TA-8;0A, TA-tSOO. TA-120, 
TA-eOtl.TA-l(10tlA 

TA-477 TA-aOO. TA-ISaO, TA-1000A 


30.00 

33.00 












WAHSfOHMgm 





MOPEE 

•DO] 

'002 

'003 

'OM 

•0O5 

'OOe. 

'007 



DESCHIFtlON 

56V CT 10 BOV CT SA 
7!VCr3A 
80UCT6A 
4ByCT6A 
52VCI3A 
36VCTSA 
112V CT8A 



MATCHING PIECE 

TA-8D0, tA-a02. TA-e20A, TA-tOOOA T A- 1600 SJ5.00 

Tfl-503 TA-322(. TA-323A, TA-tOO 1 9 00 

TA-477 24.00 

TA-t20 , 19,00 

TH-355B 12,00 

rB-355A 13.60 

rA,3600 38.00 



Beginner 



MODEL 

TT-IA 

T\-T 

T¥.« 

TY-IIA 

TV-I2A 

nr.|J 

TV-14 

TV-U 

TT.20 

TY-23B 

TY-25 

TY.35 

TV.J6 

TT-3* 

TY-4IMKIII 

THIIMKV 

TY-41 

T>.4J 

TTr-4S 

T>-4T 

SM'222 

SM32» 

SM-333 

T-l 

T-2 

'SKI I 

•»S04 



1 Intermediate 



Advanced ^t Fully Asserrbled 



tnactuAneQua 



DESCRIPTION 



MT ASSEMBLED 



Batliiy Flnirescenl LigM Drivn A S 5,19 

Electronic Touch S*inyi A . , , » , 7,1 5 

ELoelronje Ijrtto A ,..,,,,,.,,,,,.,,,,,,.,..,... 15,00 

Multi-f unclional ConKol Swrtoh A S 19 

Dlgslal CkxK w/lrmei A 16£3 

Color tea Audio IwelMelB A 20.15 

Electroiiic SiBck A 6,25 

Hah Precision Sound Control Siwildi A 9.22 

V Shape Cntor Ud Level Meier A A , 21.45 

3 Channel CokxUBhlConlioler AAA* 71.50 

stereo Loodspeiker Proteclo* A ,. 12.55 

FH Wuetess Microphone A 9.22 

AC/DC Quartz Digital CkJck A , , , 16.00 

SoundfTnjch Control Switen A 12.00 

IPlrarerl Remote Conlrol Unit A A A ,,,.,,.., ^ .,..,. ^ .,.,, , 15.00 

Inlrsred Pcmote Coniru Unit A A A , , , 20JI0 

BaiJDolLevelMeler AA 24.1S 

3'A DioiUI Panel Meier A 33.00 

20 Sl<ps Bar/Dol Audi} Level Display A A 38.45 

Supaiof Electronic Roulelte A A , , 19.46 

7 Bands Graphic Equalizer A A A * , . . , ,,,.,. 26.80 

4 Clrannei Prolessional Color lighl Conlrolier * .,,.., 

AudiiVVKJeo Surrourrd Sound Processor AAA* 62.00 

LCD Thermometer Clock w/in-oulrloor sensor * , , , , , , 

LCD Therrrrcmeter Clock w/ F fi C measurerrreot * 10.60 

Parrol Talking Clock * 1 5.50 

Mynah Talki.tg CHx* * 15.50 



(82.50 



25.00 
35.00 



38.80 

150.00 
83.00 
22,00 



fOHnnr aupfua 



MODEL 
TR-IOOA 
TE,355A 
TR,355B 
TR503 



PESCRir^TION 

0-!5V 2A Regulaierl DC PWCr iupoty A A A* . 

0- 1 5V 5A Regulated DC Power Supp^ A 

0-30V 3A Regulaled DC Prrwer Supp^ A . . . , , ^ . 
0-50U 3A Rc^jtsled BC Poivcr Supt^ A A 



KIT ASSEMBLED 

S59.50 S83.50 

12.92 
12.92 
14 76 



IMSrftilMEHTS 



MODEL 

SM.4) 

SM-4> 

SJIrMIA 

SIM-IOO 

FCIIMUA 



DESCRIPTION 

3V>i Mulll-Functnnal LedO.PM. AA* 

IV, Hl-Precisiw D.P.M. AAA* 

tVi Hl-Preclskm D.P.M. wjstndrdcase AAA-^ . 

1 50MC Digital Fretjuenrry Cnunler* 

1 GHz Frerjuenrry Counter* , , , 



KIT ASSEMBLED 

H4.50 i 43.00 

36.00 4600 

41.20 52.00 

,,,,., 90O0 

132.00 



— Wt ACCEPT MAJOR CREDIT CARDS MONEV ORDERS AND CHECKS. — BUSINESS & SHOWROOM HOURS : (PACIFIC TIME) MOM.- FHL: 9:30 AM.- 5:tX) P.M, SAT.: 10:00 Ali4.-5:[X) PM. 
TERMS SI 000 MIN ORDER* S20 MIN CHARGE CARD ORDER' WE SHIP UPS GflOUNO • ADD 10% OF TOTAL ORDER (MIN. S3.00) FOR SHIPPING OUTSIDE USA, 
ADD 201^ iMIN. S5.001 • TRANSIT INSURANCE : ADD 5% OF TOTAL (OUTSIDE USA ONLV). CA RESIDENTS ADD SALES TAX • ALL lylERCHANDISE SUBJECT TO PRIOR SALE 
• PRICES AR£ SUBJECT TO CHANGE WITHOUT NOTICE * WE ASE NOT RESPONStSLE FOR TYPOGRAPHICAL ERRORS. 



iNFOfiMATiON (213) 888-8988. Cau on mritc FOfiOuBfSEf CATALOG • PHOfit oftDi H ] gOO-4Z3-34d3 iiNCAUfi J -800-52 7 -MARK FAX; 213-888- 686a 

MARK V ELECTRONICS, INC. — 8019 E, Slauson Ave,, Montebello. CA 90640 
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Mil] Ord«r El*ctn3nic& ' Wis^lclwiae 



TTmT^ 



ELECTRONICS 



Mail-Order Electronics 

24 HOUR ORDER HOTLIKE 



IC Clearance Sale! 



NEC V20 & V30 CHIPS 

Hcsplace the eoe& or BOSS in You/ JBM PC and 



Pan Wo. 



Increase lis Speed by up to 30 



Price 



UPO701(JB-5 (SMHll V20 Chip I*^t0- S5.9S 

UPOTOIOS-S (SMHlj VIO Chip *»,4«- S7.95 

UPO7(I103-10 imUHz) V2II CIllp..»U,3fi- $1Q.9S 

UPD7(J116-S (SMHz) V30 Chip.. fa,aft- $7.95 

UPD7011S-1(1 jlCMHl) V30 Cnlp..»t»T««- S1S.4S 



7400 



Psn No. 


i-a 




741XJ 


SALE 


.15 


7402. 


29 


.19 


74CW. . 


MtE 


15 


7405 


35 


?5 


r*x 


39 


m 


7407 


.. SALE 


J5 


?SOB. 


35 


?S 


7410... . 


SALE 


.15 


7411 


SALE 


19 


7414... . 


. . SALE 


^^ 


7416 


. SALS 


19 


7417 


... SALE 


.19 


74M 


29 


19 


7427., 


. .. SALE 


13 


7430 


. SALE 


.15 


7432. . 


39 


?9 


7438 


SALE 


W 


74« 


SALE 


?9 


7445 ... 


SALE 


-W 


74^6 


89 


71 


7447 


S9 


7S 


744« 


1 95 


1 «S 


7473 


39 


Kl 



ParlUf. 



-i-i_m± 



7474 
7475.... 
7476 
741i3 
74S5 . 

74S6 

74«9. . 
7490. 
7493 , 

7495 SALE 

74107 SALE 

74121 SALE 

T41»3, SALE 

74125 SALE 2S 

74147 SALE 1.49 

74150 SALE 1.10 

74151 SALE ,13 

74154 1.35 1.25 

74161 69 59 

74173 SALE .59 

74174 SALE J5 

74175, SALE 

74193 



SALE .25 

45 .39 

45 .35 

.- .69 .59 

S^E 45 

SALE 23 

1 ,95 i 85 

.49 33 

45 35 

29 

.13 

i5 

J5 



J5 



74LS 



74LS00 

74LS0e „ 
74LS03 

71LSCM.. 
74LS05 . 
74LS0« . 
74LS07 ,. . 
74LS08. . . 
741309 . . 
74LS10 , 
74LS11.... 
74US14. . 
741.S20. .. 

74LS21 

74LS27., . 

74LS30 

74LS32. , 
74LS3e . 
74LS4! , 
74LS47. . 
74LS73 
74LS74. 
74LS75 .. 
74LS7e. . 
74LSS3 
74LS85. 
TilBm . 
74LS90 . 
741.SS3-,., 
74LS123. . 
74LSia5. . 
74LS132 
74LSl3a . 



SALE .15 

.SALE ,15 

„5AL£ .15 

SALE 19 

SALE .19 

. 59 .49 

... 59 .49 

.. .28 18 

SALE 15 

SALE .15 

.. .29 19 

SALE .29 

SALE IS 

SALE 19 

SALE .19 

SALE ,15 

SALE .19 

SALE 2S 

.49 39 

- .69 79 

SALE .25 

SALE .19 

SALE .25 

39 29 

.59 49 

69 49 

29 19 

SALE .29 

SALE .29 

SALE .35 

. 49 39 

SALE 29 

49 -39 



r4LS139... 

74LS151,.. 

74LS153... 

74LS154, , 

74LS157.. 

74LSiei . 

74LE163. 

74LS164... 

74LS165,,, 

74LS166.. 

74LS173..- 

74LS174, . 

74LS175,., 

74LS191.. 

74LS192... 

741.S193, , 

74LS194.. 

74(,S321.. 

741.5240... 

74LS241., 

74LSS44. 

74LS245 , 

74LS267 

7415258. 

74LS273.. 

741S279. . 

74LS367. . 

74LS373 

74LS374. 

74LS393 . 

74L5541 , 

741.S59D . 

7a|.S5ea 



SALE J9 

SALE .29 

SALE JS 

.1.19 1.09 

.45 .35 

SALE 29 

SALE .35 

SALE J5 

,75 .65 

SALE ,69 

SALE 35 

SALE 29 



SALE 
SALE 

... .69 

, .69 

SALE 

SALE 

SALE 

SALE 49 

SALE 49 

SALE 

SALE 

.99 

.89 

.49 

SALE 

SALE 

SALE 

SALE 

SALE 

5 95 5 85 

2 39 2.29 





74S/PROMS- 






74500 


SALE .19 


74S188- ... 
745189. ... 

745240 

74SE44. . 
745287- ... 


7 SALE 


1 49 


74S04 ... 


SALE .19 


1 49 


74532 . 


SALE .19 


1.39 


74S74 . . 
745112 


SALE .19 
SALE 25 
SALE 1.25 


75 


74S124. .. 


74S288V , 




1 49 


745138 
74S153. . 
74S163 


SALE 49 
SALE 26 
SALE 75 
SALE .26 
SALE 2h 


745373. ., 
74S374 ,, 

745387* ... 


.SALE 
SALE 


99 

1 ?a 


745174 .. 

745175 .,. 


74S472- 
745571- 


SALE 


2.49 
2.49 



CD-CMOS 



CD4Q01 
CD4002 
CD4DD7 
CD4011 
CD4012,. . 
CD4013.. . 

CD401S 

004016 

CD4017 

CD4D18 

CD4020 

CD4D21 

CP4024 

CD4027 

CD4028 . 

CD4029 

CD4030 

C 04040 

CD4042 

CD4043 

CD4046 

CD4047 

CD4049 

CD4050 



CD4051 
CD4052 
CC4053 
C04060 
C04066 
CD4069 
CD4070. 
CD4071 . 
CD4072 
CD4D73 
CD4081 . 
CD4093 
CD4094 
CD4503 
CD45n 
CD4618 
C0452(J 
004623 
CD452a 
€□4538. 
CD4543 
.29 004564 
C04635 



.59 
.59 
.59 
65 
.29 
.19 
.29 
.2? 
.22 
.22 

« 

39 

.69 
75 
.75 
.79 
.69 
.79 
.79 



EEPROMS 



2eiGA 2048x8 35815 .;9V. s5V,i SVRead.'Wrile 5 25 
2ei6A 25 2048x8 250ns 19V 15VJ 6V Read.'Writp 5 49 
261 7A 204818 350ns 5V RojdJliVrile .7 95 
2e64A 81 92i8 25015 5V Read'Wrile ip« i r*, n a, 13 95 
2e64A-30 8192ie300ns5VRMd.''WrtleiP,i: il«Fio,12 95 
2aB5A 8192iB250n55VHEsd'Wrile 1295 
52B13 204BJ8 3&0nE<21tf J 5V Readonly : 49 



MICROPROCESSOR COMPONENTS 



ZS0,Z80A,ZS0B, SERIES 


eOOO SERIES Continued 




Put No, 


PrIM 


Pan Ho. 




;clce 




7W 


1,19 


8155 2 




3 49 




Z30A 


1.29 


81C55 




3 95 




280A-CTC.,.. 


1,65 

„ , .4^95- 3.95 


SI56 




2 95 
899 




ZBOADAHT 


8205 


949 




zsoApro ... 


.... .^m- 


49 


82C11 




695 




2S0A-SI0O. 


. *96- 2,95 


8212 


M9 


1 99 




Z808 


2.75 


8316 
S224 


4-!S 


1 39 
1 49 




ZSOB.CTC... 


9,98- 3.25 




zsoe-pio 


3.95 


8228 


4-96 


1 49 




zseaiBi. . , 


. . .Me- 6.95 


8237 5 


4^ 


3 95 




eOOO SERIES 




8243 




1 75 




8031 


»««- 3 


.49 
95 


8260* 

8250B iFor IBMI 


44t 
5M 


3 95 

4 95 




eoc3i 


^^6- 6 




tvai 


4-86 1 


25 

59 
.95 
49 
,95 
.59 










8052AHBASIG .2' 
SOeOA ^^ 1 


8253 S 




1 95 
395 
396 

2 95 

3 49 




a2C53 5 








iMH 1 

3 

9»«« 9< 


8255A 6 






8087(5MK!1 

8067-1 (10M1 


B2C55A5 






Hzj 184 9S 

[1. ... 134 9S 

,4:06 3.49 
E) .6S« S.9S 






2 25 




8887-2 (8HH, 
8088 (SMRll 
8088.2 (aUK 


8272 
5274 


598 


2 95 




8279 5 


»«6 


2 75 




8116 


...-4-SS 


V, 










8155 




49 






1 75 




STATIC RAMS 




Part No, 


fund Ion 




Edii 




2016.12 


204818 


^SOns 


..,»« 


2.S5 




5102 


l(j<24xl 
266i4 


350 
450r 






89 




J112 


SM0S.„ „_ 


....3M 


1,95 




?114M 


102414 


45»1S ^ 


....iSD 


79 




21 14«-2L 


102II4 
102414 
256<4 


2601 

450r 










21 CI 4 


sICMCS) 




49 




J101 


slCMOSl 


. .249 


1,95 




61 IBM 


204*8 


icons 11 SKI CMOS,, , 


....ifH 


319 




6116P-3 


2041): 


15005 I16K1 CMOS... . 


....3,49 


279 




611SIP.1 


204t>a 


lOOnslieKlLPCHOS... 


..„4W 


359 




6116LP-3 


2046>S 


150q!|16KlLPCI.lOS.-. 


....M6 


SIS 




6264P.10 


S192ia 


i«(nsl64K|CM0S 


...9* 


9.49 




{264P-I5 


819218 


iSOns I64K) CMOS 


.-..M6 


719 




62S41P.10 


B192i8 


toons I64KI LP CMOS.. 


,.4ME 


1025 




K$41P-12 


S192>a 


1 20ns 164K| LP CMOS.-. 


,.WHfl 


895 




6264I.P-1J 


819218 


150ns |6IK| LP CMOS... 


.-4ft26 


7W 




6514 


idim 


SSOnsCHOS. 




3.75 




43256-10L 


32,768!8 


lOOns<2S6KJI-MP»ie[ 


-..»m 


>3.95 




4325S1SL 


32,76Si6 


150nH256KJlji»Pciv«r 


..96M 


>295 




62256LP.1I] 


J2.76aia 


lOOnsiaSBKUPCUOS 


-.2^96 


>4.S5 




(;!56LP.12 


3276618 


i20nsl2SEK]LPCUOS 


-..S^ 


4.25 




622!«LP-l5 


32.T(8i8 


I50nl 125610 LP CMOS. 


..26^ 


'^SS, 




ximkm<rmm 




42iod;:^a-io 


1,04e,576rS100ri1!,lEC-iSSiP . 


, %996 2^95 




42100IU8S.il 


1.{HB,576iS100rjlMi(MSSIM- 


S9996 2IHS5 




421I)0<«9*-BI 


1.048.576*3 mnslMEQcS SIP 


, 444«6 249-95 




4210OM9S-SI 


1.048,576(98011! IMECMSIH. - - 


,41996 239SS 




IM54416-I2 


16,384i4 


120rii _ 


- 676 


595 




7US441G-15 


16,384114 


ISOrs „ 


„ , at 


5.49 




4115-15 


1B,3B4xl 


15011 IMM5290N.2I .. 


4739 


1.25 




4128-15 


131,072>1 


16(ks(Pra»tncill .™_ 




--4.4S 




4164100 


65,53S«1 

65,53611 
66,536i1 
262.14411 

262.14411 


imiK 




...349 




4164-120 


120 

GOn 
80k 










4164-150 






- 259 
92S 




41256^ 


, 


lli90 




41256.90 








4125«-10n 


32.14411 


lOdns ._ 


974 


725 




41256120 


262.14411 


12(lns.,.„ 


M5 


69S 




41256.150 


262.14411 


ISOra - - _ 


.-,»4e 


649 




41264-12 


64X14 


IJOhsVUmRAM 




12 95 




41464-10 


55.53614 
6S,S36«4 


1«ln^ 




895 
825 
795 
895 




41464-12 


120I1S 


. 4446 




51256-10 


262.14411 


icons SlafcCifenm 


4M5 




4125««M.10 


2t2.144nS 


10005256x9 SIP 


44»96 


74 96 




41256X98-10 


262.1441! 


l«ln! 256x9 SIM 


44WS 


74 95 




SIIOOOP-IO 


1.046.57611 10ft 
1.049.57611 eOi 
262,144x4 lOOi 
M2144i4 lOA 


IS [1 M») 


2645 


1995 
22 95 

24 95 
3 95 




51I0OOP.5O 


11 Msgl _ __ 


»-B6 




514258-10 


5 Sitni: Cslumn 


nm 




EPROMS 




TWS2516 


SlWeiS 
409S<e 

S192iS 


450n 
450n 
4S0n 
450n 


S 125VI 


^96 


4 95 
535 




TM52532 


R<35Vf 






TMS2S12A 






3.25 
6 95 




TOS2564 


!(2SVl , 






TMS2716 


204816 


450ns ISV .5V.*12V|,^ 


- *m 


6.49 




1702* 


2S6i8 
IO2I1S 
204818 


2K1 
4S0n 
450n 






426 

595 




2706 




fw 




2716 


S125VI 


-W* 




2716-1 


204BTB 


350ns J25VI 


.,....M6 


349 




2ICI6 


»te>s 


450l>5(25«|CMOS 


.4» 


3 75 




2732 


409618 
4096x8 
4096j8 


450n 
250n 


I l?5Vf 




395 




2732*20 


S121VI ,,. . 


....„^+26 


3.95 
3 75 




2732A25 


!121V| - 














4 25 
4.25 




2764 20 


6192iE 
8192>8 


250n 


S121VI .^ „ 






2764 25 


5 121 VI 




3 59 




27MA25 


813218 


250ns 1125V)- 


.._-W9 


339 




27C64 15 


ei92<B 


ISOns 1125V) CMOS 




5 95 




27t2fl-30 


163^x8 


K1n^x^*1Vf 


1 f4a 


5 95 




27'2».25 


16554x8 


250nsl21Vi , 


-Ht 


4 95 




2A21A 15 


16.38416 
16384x8 


I60n 
2il0n 


«i|1*4U) 




7 75 
4 75 




27-2aA2tJ 


H125V1 ,, ., 


»M 




??C12!-25 


16364x8 


jWnxijivinurt;, 


— .J4I 


5 49 




27256.-5 


32 768x8 


l!;nn«J1?4Ui 




8 95 






3Z768I8 
32.768x8 


200n 

250n 






549 
4 95 




J7256 25 


S1125V) 


.649 




??C!56 15 


32.76818 


150ns 1125V) CMOS. 


796 


7 25 




27025625 


32768x8 


250ns 1125V) CliraS 


849 


4qS 




27512 20 


55.536x8 


20Qnsl125Vj 




1095 




27S12.25 


65.536x8 
66.^x8 


250n 
250n 






8 95 
8 49 




27C612 25 


sr.25VjCMOS . 


»49 




27C10!' 


131.072x6 


2(Klnsit2 5VlClvK)S!1U«aJ 2496 19 95 




Gar64 


8132<8 


64K4iOn!l25VI .■Ch.pEoablw 


'935 




68766 35 


8192x8 


64 K 350n! l2JVi iO«fpu' 


Enidei 


15.95 





8000 SERIES CtmlinuKl 
Fart Ho. Eltot 

8286 229 

8741 ..896 9.49 

8742 „,i?:96 14.95 

8748 (25V) 7.96 

8748H[HMOS)(21V),.9.95 

8749 9.95 

8751 H [3.5-1 2MHl).. 36.95 

8755 13.95 

80286-1 1 10MHi)LCC 49 95 

80267 3 (5MHi) 109,95 

S02S7-a (8MHz) 209.95 

80287-10 11 OMHz)-, 259.95 

80386.15 (=GA 279.95 

80337-16 (16MHzl.„.395.95 
80387-20 120MHz ,.-459.95 
80387-25 125MHz)-. .569.95 
82284 (SMHz).. .948 7-96 
82288 (8HHz)..,9» 7.S5 

DATA AcoyismoM 

AD00604LCH 3.25 

AOCOeOSCCN - .8:98 8-49 

ADC0809CCN 3-69 

ADC1206CCJ.t 18-49 

DAC08oeLCN....4T7S 1.49 
AY-3.10150 4 95 

AYS 1013A ■■ 95 

650O/6&O0 
68000 Series 



Pert Ho. 



6402 

65C2 

6502A 

650O2 (CMOS) 

6520 _ 

6522 

65C22 

5532 

6551 



Prtoe 



»96 3 49 

»68 225 

2-76 259 

7 75 

1 95 

295 

425 

MO 4 95 

»«8 2E 



55CB02(CMOS|4&9614 75 

68O0 ■ " - 

6802 

6808 

6810 

6820 

6821 

6SB21 

6840 . 

6845 

6850 

6852 

MC63000L8 

UC6BO0OL10 

MC68O1OL10 

MC6802CRC12e 

MC68701 

MC68706P3S 

MC68705U3L 

MC68706U3$ 4»86 9 49 

MC68450L1D 4M829 95 

MC68881RC16A 129 95 

MC6a8eiRC20A 16995 

Commodore 



4-98 1 49 

295 

1 9S 

4-36 99 

27S 

4-^ 1 49 

1-96 1 75 

»49 2» 

376 2 49 

4-98 1 49 

-76 59 

&96 8 49 

44^ 895 

39W29 9S 

89 95 

P 95 

995 

49^ 9 49 



WD ^ij 

S13052P 

6504A 

6510 

6626 

6S26A 

6645 1 

6560 

8567 

6572 



+« .99 

1,19 

14.95 

14.95 

1595 

3«6 2.95 

4»9S 8.95 

24.95 



6581(1JV) .- _ 12.95 
6582 (9V) . 4M» S.95 



8502 
8564 
8566 

8701 
8722 

-82S100PLA 
90122S-01 _ 

901226 01 

901227 02 _ 
901227 03 
901229 05 
9014B0 03 
901486 06 

Nole 6351 MPLA 
U'?(C 64) 



7.95 

*m 2.95 

9« 7.95 

9.95 

40«8 8.95 

15,95 

_ 15.95 
15,95 
4-95 
15.95 
15.95 
1.95 
2.95 



74C/CMOS 



74COO Sae .13 


74Ci71Sai: 33 


JIOC Sae 13 


74Ci75Sal» 59 


74C04 Sa-« .19 


74C192E4H 99 


74C0S Sa'e ,13 


74C134SalB ,43 


74C10 Sis 15 


74C221 179 


74C14 .49 


74C2«lSals 75 


74C32 Sae 13 


74C244 ..,1 73 


74C74. ., ,.49 


74C373S41B149 


74CS5. . 1.49 


74C374SalH49 


740% Sa¥ .13 


740911- ,,6 S6 


74C39 Si;e2,95 


74C512 .7.55 


74C90. . 99 


74C915SilB1.l9 


710151 Safe 1.49 


74C917Sale3SS 


74C154SW2,75 


74C9203jle3S5 


74C15?Sa»i25 


74C92I Slle295 


74C1ECSa>i 49 


74C922 . .3 95 


74C161Sale .19 


74C923,, .395 


74C162 54le .43 


74C»25 549 


74CI73 59 


;iC926 S.^ 



PARTfAL LISTING 



MISC. COMPONENTS 

TANTALUM CAPACITORS 

TM. 1/35. 1p1@ 35V 19 i TM4.7^51.7ji1(|)35V 45 

TMIiJS 1p(®35V 19 TM6,&356S[iie3SV...49 

TM2 2l35 2,2pl@35V „,,25 [ TM1M5 10pll&35V 59 

POTENIiOMETERS 

valu&s availaWe (inseil ohms jnto space marfced ^XX"): 

50C!i, 1K,2K,5K. 10K.20K, 50K, 100K. 200K, 1MES 

43PXX 34 Wall , 1 STurn .99 [ 63PXX 1 ■? Wan. 1 Turn J9 

TRANSISTORS AND DIODES 



PW2223 


„ .13 

„ .29 

65 

,. ,12 


PN2907.. „ 

2N4401 

1N270 

1N751 


... 13 
.... 12 
2E 

15 


1N4004 


12 


2N2222A.... 

2N3065 

2N3904 


1N4148,,., 

1N4735 

C106B1 


., 07 

29 

.., 49 



SWITCHES 

J)»1T123 SPOT.On-On 1 19 I 206-6 SPST iflp-iDlp 1.25 
MPC121 SPOT avoi-QL 1.19 I M$102SP5T tfemBnaiy 39 

D-SUe CONNECTORS 

DB25P ktali.25iiin .69 | DB25S Penale, 2S-piii ,76 

LEDS 

,131 XCSSSY Tt3 H. Vflltow, ,17 
,17 XC556Ct1'v Clliarffled.17 



XC556F1T1>', FM .... 
XC556GTl3V(3faan.,- 



10 SOCKETS 



8LP 


IWPTDflto 


.^1 


Win Wrap CGoWl L#v*l #2 

8WW m 


tSLP 










24LP 




.27 
.29 

T1n)l h 


24WW 




2SLP 


saww 

40WW 


1 39 


40UP 


1.89 

AlS4 AvUtiblf 



74HC HI-SPEED CMOS 



Pod Nn. 


Prlf.P 


Pan No. 




74HC0C 


SALE 

. SALE 


.17 
,17 


74HC175 


59 


74HC02 - - , 


74HC221 . 


SALE 69 


74HC1J4 


SALE 


-1/ 
,17 


74HC240 
74HC244 




74HC08 


SALE 


79 


74HC10- 


. -SALE 


,11 


74HC245 


SALE 69 


74KC14 




K 


7JHC253 


SALE 39 


74HC30 - - 


. .SALE 
...SALE 


.19 
,25 


74HC259 


49 


74H032 - -,, 


74HC273 


SALE 49 


74HC74 


.. . SALE 


J<1 


74HC373 


69 


74HC75 - - 


. SALE 


,29 


74HC374 


SALE 59 


74HC76 


. .SALE 


29 


74HC595 


... 1 .29 


74HC8S - - 




,65 
25 


74HCe8a- 
74HC943 


SALE 1 35 


74HC86 ,- , 


.. SALE 


SALE 7 95 


74HC123- - 


. SALE 


.49 


74HC4040 


SALE 79 






,49 
3q 


74H04CI49 
74hK>4a50 




74HC132- - 


SALE 


SALE 35 


74HC138,- 




,45 
.35 


7AH&KI60.... 
74HC4611 - _ 


SALE 69 


74HC139 


SALE 


SAtE 99 


74HC154 


. . SALE 


.49 


74HC4514 


1 79 


74HC163 


74HC4538 


SALE 99 


7dHC17.1 . 




.59 


74HDi543 


SALE 99 



74HCT-CMOS TTL 



74HOTK1 


SALE 


,15 


74HCT139 


SALE 


?9 


74HCT02 


S4I.E 


,1.5 


74HCT157 


SALE 


19 


;4HCT[>.1 


SALE 


.1/ 


74HCT174 


SALE 


.25 


74HCT08 . 


SALE 


1.5 


74HCT175 


SALE 


?5 


74HCT14 




.29 
17 


74HCT240 
74HeT244 


SALE 
SALE 


59 


74HCT32 , 


SALE 


49 


74HCT74 


SALE 


15 


74HCT245 

74HCT373 


SALE 
SALE 


49 


74HCT86, 


. SALE 


45 


74HCT138 




.39 


74HCT37i5 


SALE 


45 



UNEAR 



TL071CP 

TL072CP 

TL074CN 

TLOaiCP 

TL082CP 

TL0e4CN 

LM301 N 

LhA307N 

LM308N 

LM309K 

LM310N 

LM311N 

LM317T 

LM318N 

LM319N 

LM323K 

LM324N 

LM3352 

LM336Z 

LM337T 

LM338K 

LM339N 

LF347N 

LM348N 

LF351N 

Lf363N 

Lf356N 

LF357N 

LM358N 

LM380N 

LM386N3 

LM393M 

LFagSN 

LF411CN 

LFJ12CN 

NE555V 

XRL555 

LM5S6N 

LM565N 

LU566CN 

LM567V 

LM723CN 

LM741CN 

LM747CN 

LM1458N 

L^41488^l 

0S14C83N (0WOS1 



-89 
35 
39 
59 
1 25 
1 29 
39 



1 29 

3 49 
35 

1 39 

99 
1 09 

4 49 
39 

1 49 
69 
39 
49 
^9 
89 



39 
1 95 

79 
1 29 

29 
59 

45 
89 
1 19 
75 
39 
29 
49 
35 
45 



., .45 

,1,19 
. .69 

.,1,9i5 
,.1,95 



LMl4a9N 

DS14C99N (CMOS) 

LM1496N 

LM1871N 

LMie72N 

LILN20031A 75 

)(R220S 3,95 

XR2211 2S5 

1!R2240 1.49 

26LS29 2.25 

26LS31 99 

26LS32 _ 99 

26LS33 1,49 

ULJi28031A 1.19 

LM2901N 26 

LM2907M 1,29 

LM2917N (Spin) 1,79 

MC3470P 1,19 

MC3479P 3,95 

MC34B6P 1.19 

MC^B7P 99 

UOTI3613M- 39 

LM3900N 49 

LM39Q5N 1-19 

LU3909N 89 

LM3914N 1-79 

Ne5532 69 

NES534 69 

7805K {LU340K-5) 1,29 

7ei2K (LM34DK.12).„,l,29 
781 5K (LM34DK,15)„ 
7e05T ILM340T-5),.,, 
7812T ILM340T-12)., 
7B15T (LM340T-15]-,, 
7905K (LM320K.5) 
7905T (LM320T-S) .-. 
75113.. 



129 
45 

45 

1 35 
49 
,1.19 



75150 


1 19 


75164 




75174 


2 95 






75178 


2 39 


75451 


39 


75452 


39 


75192 


- 79 


MC145406P 


2 95 



OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALL FOR QUANTITY DISCOUNTS 

GAMS SUBJECT TO FfiEOUENT PRICE CHANGES 



i 



CIRCLE 114 ON FREE INFORMATTON CARD 



Nov\f Available fameca *s NEV\^ 

Summer Sizzier Flyer #13Q with 48 pages of 
Computer Peripherals, Components & More! 



ANNIVERSARY 

f*YE AR 



1974- 1989 



SPECIAL! Monochrome Text Card 



Sperry Monochrome Display Adapter 

•IBM PC/XT Compatible j 

• Allows for Connection 
belween Computer and 
Monochrome Moniior 

• Use f Of Text only 

• Great ior Network 
Sereers and Dedioaled 
Work Stalions 
TEXT $12,95 

TEST EQUIPMENT 




Metex Digital Multimeters 

Melex General Specs: 

• Handtie[d, high accuracy 

• AC.'DC Voltage. AC/DC 
Current, Resistance, 
Diodes. Conlinuity. Tran, 
sislor tiFE • Manual rang- 
ing w/ overload protection ; 
MSSSO'B i M46S0 only: t:^ ,;. 
' Also measures frequency •^'^i?^'* 
and capacitance ^^m^m 
mesOonly: £ ?^S 

• Daia Hold Switch .■^■^^ 

• 4.5 Digil utmo Pictured 

M3610 3.5 Digit Multimeter $49,95 

M36S0 3 5 Digit wjFreq S Capacitance SS9,35 

M36S0B SameasMSSSOw/Bargraph $79 .95 

M4S50 4.5 Dig. w/Freq.. Capacitance 

and Da!a Hold Switcf> $99,95 



Metex Autoranging Jumbo 
Readout DMM 

• AC'DC Voltage, AC'DC 
Current, Resistance, Diodes, 

Continuity and Frequency 

• 3.75 Digit (.8" High) 

• Ftuggedized, Waler- 
resistani case 

• Easy-to-use pustibutton 
switches 
M80 $59.95 




A.R.J. EPROM 
Programmer 

' Programs ail currant EPROMs 
in the 271 e to 27512 range plus 
the xsew EEPROM ■ May be 
operated by any flS232 port w; 
terminal emulation • Fully Intel' 
ligent ' ASCII command driven 
' Menu <jriven software included 
EPP $179.95 




Oscilloscope Probes 

' Attenuation: xl /xlO 
■ Capracitance (LF180): 
ie0pF.'22pF;(LF21O): 
40pF/17pF 

LF1 SO Pictured 

LF180 40M Hz Oscilloscope Prolre $19,95 

LFZ10 lOOMHi Oscilloscope Probe..,, $29,95 

Digital Logic Probes and 
Logic Pulser 



Logic Probes: PRB20 Pictured 

' High, low and pulse indication • 20 MHz and 
50f^Hz versions available ' Circuit powered w.' 
over/undervoliage indicators 
Logic Pulser (LPS40): 

' Generates "one-shot" pulse or continuPus-5H2 
pulse train ■ ALtdibie tone • Compatible with: TTL, 
DTL, RTL, HTL, HINIL, I^OS and CMOS ICs 

PRBZO 20MH; Logio Probe $26.9S 

PRB20A20MHiAudibleLo9icProbe„S33.9S 

PRBSO 50MHz Logic Probe $47,95 

LP540 Logic Pglser $1 9,95 



JAMBCO IBM PC/XT 8MHz Turbo 
Compatible Kit With 256K RAM 



SAVE 

$108.06! 



Free! QAPLUS Diaanostic 
Software Included: 
Free! PC Write Word Pro- 
cessing Software Included! 
256K fl/lM Inctuded, 
Expandable to 640K 
AMI BIOS ROMs Included 
4.77 or 8MHz Operation 
Flip-Top Case w/150 Walt 
Power Supply 
3E0K Disk Drive 
Parallel Printer Port 
84-Key Keyboard 
Monochrome Amber Monitor 

JE3002 IBM compaHjtePCTaaMHzTutbQ Kit $49 9.95 $479.95 

EZDOS Digital Research MSJPC-DOS Comp, Operating Sys!erti,...S49,9S 
EZDOSP Same as above with TrueO ASIC $69.95 

IBM COMPATIBLE DISPLAY MONITORS 




AMBER t2-*imborMcini! $99.95 

H055H 111-R3S64DI240 $249,95 

TM5t54 EGAI4-7:0<350 $3ee^ $369,95 

JE1059 EGA Mnnitor t Card ., fS lfl.M $499,95 

TM51S5 14- Mull-scan SdOiSSOCHe^ $499,95 

QC147B 14" VGA 7MJ48I) ,t449!e6 $399-95 

JE2055 VCA Monilar £ Cam „ te4ft.es $S99.S5 




JAMECO IBM PC/XT/ AT COMPATIBLE CARDS 



JE1 050 Monoctirome Graptlics Cara w.'Paralt&l Primer Port tPG'XT/AT) $59,95 

JE1 052 Colur Graphics Card wiParallri Printer Port (PCJXT;AT| S49.95 

JE1055 EGA Caidw(256K Video RAM (PCXTIATl $159.95 

JE"t071 t^ulli trO Cara w.'Controllar & Moncjchrome GrapiiicE (PC^'XTf $1 19.95 

JE 1 060 liO Card w.iSarial, Game. PrinlerPort8RBalTimBCIock(PC«T( $59 ,95 

Jei061 RS232 Serial Half CatiJ (PCXT) $29.95 

JE1062 RS232 Sital Hall Card (AT| t34,9S 

JE1065 I/O Card w/Sarial, Game and Parallel Printer Port (ATf„. $59,95 

JE10B1 JMB Expanded or emernled Memory Card (i«o-X on-tward) (AT) $99,95 

JE1C41 2(J',ipMB Hard Disk Conirolier Card (PCrXT) , $79.95 

JE1 043 360K/720Kj'1 .2MB,'1.MMB Fl&pj3¥ DisK Cofitroliar Card (PC^XT/ATf $49.95 

JE1 044 360K Floufiy/Hard Disk Controller Card (PCXT) $129.96 

JE1 045 360K/720rfl 2MB'i .411MB Flopuy'Hard Disk Conjroller Card (AT) $149.95 



SEAGATE HALF-aBQifF HARP DliSK DRIVES 



ST225 2£JMB Drive onlKPC'XTi' AT) $224.95 

ST225XT 20MB w.'Conlroller (PC«T) ,., $269.95 

ST225AT 20MB njComrMler (AT) S339,S5 

ST23B MMBCiiv«only(PC(XTlAT| SZ49,95 

ST238XT 30MB wiConfroller (PC'XT I .,. $299,95 

ST23eAT 30UE ^Controller (ATI $389.95 ^^"^ STIISXT Pictured 

Seagate 40MB and 60MB Hard Disk Drives Also Available! 




IBM PC/XT/AT COMPATIBLE MOTHERBOARDS 



JE1001 4 r/eMHiiPC.xTi $69.95 

JE1002 a J7ll[)MHz(PC«Tl S4W*S $99,95 

JE3005 BatiySriZUHzfAT) $329.95 $299,95 

JESOIO Balvya'16MHiNEAr(AT)S4S8.9S $399,95 

JE3020 Batiy leMhli BI13e^ (AT) t 11B9,B6 $999,95 

JE3025 Batsy 2tlMHl BOMS (AT) $1 1 99.95 

JE3026 Fiti-Siie 25MHI 90386 (AT; $1999.95 




JE30ZG PicfuTfrd 



IBM PC/XT/AT COMPATIBLE 3.S' /S.25" DISK DRIVES 

352KU 3 5" 720KB (PC«T«T| $109,95 

356KU 3 5" 1 44MB (PCrXTJAT) $1 29.95 

JE10Z0 5.25" aeoKB (pc«t;aT) Black ....$89,95 

JE1021 5 55- 360KB (PCiXT.'AT) Beige. ,.,$89,95 .. — . je,o2i 

JE1022 5.25" l.Jfi(B IPC'XTiATIBeiije.-. , $99.95 ' '•*. _f PlcHinm 




IBM PC/XT/ AT COMPATIBLE INTERMAL MODEMS 



1200H 1200.'300 Baud inlernal Modem w.'MaK.MiteComm. scrware (PC XT AT i $69.95 

2400H ?d00.T2G0:300 Baud Intarrial Modem w.'Ma^iM-teComm Sfw (PC XT AT) $129,95 

External Modems and Pocket-Size Modem Also Available! 



PROTOTyPING PRODUCTS 

Jameco Solderless Breadboards 




JEZJ 

Part Dim. 

No, L" X W" 



JEZ4 JE27 

Corttact Binding 
Points Posts Price 



JE2S 
JE21 
JE2Z 
JE23 
JE24 
JE2S 
JE26 
JE27 



6.5 X .75 
3,25 I 2.125 
S.5!i1 325 

6.5x2.125 
6.5 1(3.125 

6.5x4.25 

6.875x5.75 

7.26x7.5 



200 

400 

530 

830 

1,360 

1.6S0 

2.390 

3,220 



$1.95 
$4.95 
$5.96 
$7.95 
$12.95 
$19.95 
$24,95 
$34.95 



DArA*f Photo Etch PCB Kit 
Make your own circuit boards! 

The ER4 

photo etch 
kit contains 
all the chem, 
icals neces- 
sary lor any 
hobbyist, en- 
gineer or 
student to 
create pro- 
fessional circuit boards. Contains: Prim frame, 
pfioto copy film, resist developer, etch resist, 2 
copper circuit boards, concentrated etchant, film 
developer and fixer, resist patterns and complete 
instructions, ti*ust be shipped ground (surface). 
ER4 Photo Etch PCB Kit $34,95 




Jameco Prototype PC Boards 

Specs: Laminated f ' ' "'^ ", 

glass epoxy .062" thick ■ 

2 oz. copper clad with . ..^ 

solder tin finish. All tUBBBHnMI 

holes are .042" dia. on HHI^HHH 

.10'x.10"gridpattBtn. jE4(iil^cturt<l 

JE401 4 5"iS5' 1 sidsd 3holB pad pallarn $9,95 

JE403 4 5"«S.5" 1 sided pwr S gnd tnjsses $9,95 

JE405 4.&"x8.r 1-sid^ ^aneral purpose $9,95 

JE407 5-iia.25" 2.sidBd general purpose $1 9,95 

JE417 4 2->6 5-PC'XT 1.2 card prOIOOaard,,, $19,95 
JE421 ii 75-«3 7- EM PC XT Caio Eilerdc- ..$19.95 



ENGINEERING/DATA BOOKS 

Sams TTL CooktlMk(aS) S14.95 

Sams CMOS CookBook (6B1 $1 9,95 

Sams Op-Amp Cookbook (flS) ...... S21. 95 

Intel fi.frl Ccinlro«ef Hndhk. (S9) .... $19,95 

Intane-bfl Controller HndWi [SS}.. 

InEct 32-l3rt Controller Hndbk. [ftd) , . 

NSC Linear Data Book Vol. i (88) , 

NSC Linear Data Book Vol 2 (Bai . 

NSC Linear Data Book Vol. 3 (Ml ,.., S9.95 

1989 IC Master (3 Volume Set) ... St 1 9.95 



21035 

21398 

22453 

270645 

270546 

270647 

4M041 

400042 

400043 

ICM89 



.$19.95 

.$19,95 

.$14.95 

. $9.95 



EDUCATIONAL KITS 



'J^^i:l* 



I 



JE31 0/315: Fiber op- 
tics kits demonslrate 
tli9 principles of fiber 
Optic system design. 
Complete step-by- 
slep instrudions, the- 
ory of operation and 
Eujorial injo. incl. 
JE2206: Funclion 
generator kit provides 
tfifee basic wavelorms: sine, triangle and square 
wave. Frequency rar>ge: 1 Hi to 100KH; 

JE310 Fiber Optics ExpehmenlerKil $19,95 
JE315 Advanced Fiber Optics Kit,.,, S29.95 
JE2206 Funciion Generator Kii S19.9S 



mm'.i'tm 



JE22Q& Piclufoi3 



1355 Shore way Roed 

Belmont, CA 94002 

24 Hovr Order HotHne (415} 532-3097 

FAX'S 1415) 592-2503 or ^^5) 595-2664 

Telex 176043 Ans. Back; Jameco BIml 

Data S.f>eeis - 50c each 

Send S2.00 Postffge for a FREE WB9 CA TAL OG 

19S9 LJaTneco Electronics Wd& 
IBM IS a regislerefl ifademarkor 
Intemaiional Business Machines 




Mail OrriBT E1ackon:|«-Woriawi[lB 



I® 



ameco 



ELECTRONICS 



^ 



HMMIff 

■^^t<nfT><gr.oij^sc;n 



S20,00 Minimum Order - U.S, Funds Only 

CA Residents Add 6%, 5.5% or 7% Sales Tax 

Shipping ' Add 5% plus $1 .50 Insurance 

{May wary according to weight) 

Terms Prices subject to ctiange without notice. 

We Bw noi responsible (or lypcugraptricai errors 

We tesetve ihe right to subslitute manufaclurers 

iterns subject to avaiEabil^ty and pncr sale. 

Products ptciured may only b« representatrve. 



Complete list ol terms warranties is available upon requpsi 
24'Hour Order Hotline (415) 592-8097 - The Following Phone Lines Are Available From 7AM - 5PM P.S.T.: 
Custonr\er Service (415) 592-8121 ■ Technicat Assistance (415) 592-9990 -Credit Department (415) 592-9983 - All Other Inquiries (415) 592-7108 



4 



CIRCLE 114 ON FHEE INi=0FlMAT10N CARD 



k i I L i 



MICnQCaMPUTER 
MARKETIMGCOUMCII- 



JDR Microdevi^ 

•JOOAYMOStYBACkCVAKASTn • ( iEAK WARKAf^TY ON All PRODUCTS • TOllFREl TECHNICAL SUPPOHJ 



\tlA^ MATH 

COPROCESSORS 



BBiT copKocessoss 

8007 S MHz 97.95 

0007-2 QMHz 139-95 

8007-1 10 MHz 109.95 . 

f6-S(r COfROCfSSORS 

00207 G MH£ 157:95 

80187-8 8 MH2 219.95 
00207-10 lOMHl 204.05 

32.BIT COPHOCESSOXS 
60387-18 16MH: 397.95 
00307-SX 15MH1 309.90 
60387-20 !OMHl 4*9.95 
, S0307-2S 25 MHl £09.90 



5YEAK 
WARRANTY 







^ 


MEMO 
SALl 


RY' 


t. 


STATIC RAMS^ 




ADYNAMIC RAMSA 


r 


EPROMS 




PART 


SIZE 


SPEED 


PRICE 


PAHT 


SIZE 


SPEED 


PRICE 


PART 


SIZE 


SPEED 


Vpp 


PRICE 


2112 


25014 


4SCIIB 


2.49 


4116-150 


1630411 


lOons 


,99 


2708 


1024x8 


450ns 


25V 


4.95 


2114 


10iZ4«4 


4Wns 


,99 


4164-150 


B553fe1 


t50ns 


2.49 


2716 


2048x8 


450ns 


25V 


3.49 


I114L-2 


1024X4 


20(yis 


1.40 


4164-130 


6553611 


120ns 


209 


2716-1 


2043x8 


350ns 


25V 


3,95 


T<iB41!44-3 


409611 


3O0ra 


1,49 


4164-100 


OSOJBil 


loo™ 


139 


1732 


4090x8 


450ns 


2SV 


3.95 


TMM20 16-200 


2040)0 


20tKK 


2.9S 


'(MS4416 


163S4r4 


150w 


8.95 


TMS2532 


4096x6 


450ns 


25V 


5,95 


TlltM201«-150 


2CMaiS 


ISOns 


3.:5 


41128-150 


131072i1 


ISOns 


4.95 


2T32A 


409S>8 


2S41ns 


21V 


3.95 


TMH2016-100 


2048.0 


HMos 


3.95 


THS4464-15 


65536x4 


ISOlts 


14.95 


27*4 


8192i8 


450rei 


12 5V 


3.49 


HP.«115-* 


2049IS 


aoons 


2.95 


TMS4464-12 


65S36I4 


120n5 


15.95 


2764-250 


8192J18 


250ns 


12 5V 


369 


HM6116.3 


204Sia 


150I1S 


3.95 


HH5125S-100 


262144X1 


lOOns 


10.05 


2764-200 


8192x6 


20Ons 


12OT 


4.25 


HMeilO-2 


2048KS 


IZOrs 


4.95 


41250-150 


262144x1 


150ns 


6.49 


2TCS4 


019218 


250ns 


12,5V 


495 


HM6116LP-4 


204818 


200ns 


3.95 


41255-120 


262144X1 


120ns 


0.99 


27120 


16364x6 


250ns 


t2,5V 


4.25 


HMei10LP-3 


204ftia 


150ns 


4.49 


41250-100 


262144x1 


lOOns 


7.99 


27128A-200 


16384x8 


2«]ns 


I2.5V 


5.95 


HH6115LP-2 


2048!l8 


120ns 


5.49 


41250-80 


262144x1 


80ns 


0.49 


27250 


32768x8 


250n5 


12 5V 


4.95 


HHe2S4LP-1S 


0192.0 


150ns 


8.95 


1 Me-I20 


1040076x1 


120ns 


19.95 


I7255-200 


32760x8 


20Qns 


12.SV 


5.95 


HMOJMLP-12 


8192J6 


120ns 


9.95 


1 MB-103 


1048576x1 


100ns 


21.95 


27C25e 


32768x6 


250ns 


t2 5V 


5.9S 


HM432S6LP-1S 


327M»8 


ISOns 


24.95 


1MB-00 


1040576x1 


Oflns 


24.95 


27512 


65530x8 


2S011S 


125V 


8.95 


HM43ZS4LP-1Z 


32768x8 


120ns 


29.95 


414256-100 


262144x4 


100ns 


29.95 


27C512 


66036.8 


250ns 


12.5V 


9.95 


HKM32S6LP.10 


327M«a 


lOOns 


34,95 


414256-00 


262144,4 


sons 


36,95 


27C101-20 


131072x8 


2OO1IS 


12.5V 


29.95 


■ d*LL TO COHFIHH CUHHEMT PRICES 


■ ^ 


L 


m CALL TO CDWinH CUHHEHT PniCES 




^ ■ CALL TIJ COHFIHU CUHHEHT 


PfOCES 


m 



PARTIAL LISTINGS ONLY! 
CALL FOR COMPLETE CATALOG 



SIMM MODULES 





74 SERIES LOGIC 


-1 


r 


400 


741.S7S 


29 


-4J 




7400 


.19 


74LS03 


49 


74S00 


29 


7402 


.19 


74LS65 


49 


74S02 


,29 


7404 


,19 


74LS30 


22 


74S04 


29 


7405 


.20 


74LS90 


39 


74332 


35 


7406 


J9 


74LS92 


4g 


74S74 


49 


7407 


J9 


T4US93 .39 


74SS6 


J5 


7400 


.24 


74L5109 


3£ 


74S112 


50 


7410 


.19 


T4LS112 .19 


74S130 


79 


7411 


.25 


74LS123 


4S 


74S240 1 49 


7414 


.49 


741S1J5 


.39 


74S244 149 


7416 


.as 


74LS132 


39 


74S287 1.69 


7417 


.25 


74LS136 


39 


74S2O0 1.69 


7440 


.19 


74LS133 


3» 


74S373 1.69 


7432 


.29 


7415151 


39 


74S374 169 


7447 


J9 


74LS153 


39 






7473 


.34 


74LS154 1 


49 


7.(f 




7474 


.33 


74LS155 


59 


74HB 


35 


7475 


.45 


74LS156 


49 


74F04 


35 


7476 


.35 


74I.S157 


35 


74FOB 


35 


7586 


.30 


74LS158 


3S 


74F32 


35 


7409 


115 


74I.S161 


39 


74F74 


39 


7490 


.39 


74LS1M 


39 


74F130 


79 


7493 


.35 


T4l-Sie4 


49 


74FM4 1.29 


74121 


.29 


74LS166 


65 






74123 


.49 


T4LS166 


95 


74HC 




74151 .55 
74154 1.49 
74157 .55 
74100 1.00 

74i$00 
741-SOO .10 
74LS02 .17 
74LS03 .10 
741.$04 .10 
74LS05 .10 
74LSO0 .10 
74LS10 .10 

74LS11 .aa 

74LS14 .39 


74LS175 

74LS192 

74LS190 

74I.S197 

74LS221 

74LS240 

74LS241 

74LS244 

74LS245 

T4LS251 

74LS2S7 

74US258 

74LS253 1 

7415268 

74LS273 


39 
69 
69 
59 
59 
69 
69 
69 
79 
49 
39 
49 
29 
49 
79 


74HCmi 

74HC04 

74He08 

74HC14 

74He32 

74HC74 

74HC138 

74HC133 

74HC154 1 

74HC157 

74HC244 

74HC245 

74HC373 

74HC374 


21 
25 
25 
35 
35 
35 
45 
40 
09 
55 
85 
85 
69 
69 


74LS20 


.17 


74I.S279 


39 






74LS21 


.22 


74LS322 3 


95 


74HCT 




74LS27 


.23 


74L5323 2 


49 


74MCT00 


25 


74LS30 


.17 


74LS367 


39 


74HCT04 


.27 


74LS32 


.18 


74LS373 


73 


74HCT06 


25 


74LS38 


.20 


74LS374 


79 


74HCT32 


27 


74LS42 


.39 


74LS377 


73 


74HCT1 38 


35 


741547 


.70 


74LS303 


79 


74HCT240 


89 


74LS51 


.17 


74I.S541 1 


43 


74HCT244 


89 


74LS73 


J9 


74LS£70 


«9 


74HCT24S 


aa 


74LST4 


JM 


741.3682 3 


20 


74MCT373 


S3 


74LS75 


.29 


74LS6S0 2 


40 


74HCT374 




STTANDAftO CMOS LOGIC 




\SHORTIN 


c 


4001 
4011 


.19 
.19 


4050 
4001 


29 

S9 


BLOCKS 




4013 


.05 


4060 


59 


1 5/Sr.oo 




4015 


.23 


4000 


29 






4010 


,29 


4069 


9 


^m. ^ 


A 


4017 


.49 


4093 


(9 


l^k. ■ 


p 


4024 


.49 


14411 9. 


K 


^B ^ 




4040 


.69 


4511 


S9 


1 ^^ ^ 




4046 


.69 


4536 


»5 


1 B 


h 


4049 


.29 


4702 9. 


)5 

m 


^^^2 


1 




DISCRETB 




BYPASS CA 


1^ 


tN751 


.15 


aN39a4 


10 


CERAUIC OIS 




IN4004 


lOfl.OO 


2143900 


10 


.01 UF 100.'5 


00 


IN4I48 


25/1.00 


aN4401 


25 


.1UF 10fl.'6 


50 


KBP02 
2N222: 
2N2907 
2N3055 


.45 
.25 
.25 
.79 


4N20 
4N35 

JMBO RED . 
JMBO CRN , 


E9 
99 
10 
14 


UOHOUTWC: 
.01UF lOO'lO 

.1UF loo'ia 


00 
50 



11256A6B.1S 
41256A8B-12 
41256A8R-10 
42100ASB-10 
41256A9B-1S 
41 256.19 B.12 
41256A9B-ia 
41256A9S-S0 
421O0A9B-10 
42100A9S-00 



250K.8 E 

256K.6.E 
256K j8E 
IMBxO.E 
256K X g-E 
256Ki9,! 
256Kx9,E 
256K . a-i 
lMBx9,E 
1MB . 9,E 



FOR MAC 
FOR MAC 

FOR MAC 
FOR MAC 
FOR PC 

FOR PC 
FOR PC 
FOR PC 
FOR PC 
FOR PC 



ISOns 
120ns 
lOOrvs 
100ns 
ISOns 
laons 
lOOns 

OOns 
I00n$ 

eOns, 



J69,95 
*74.90 
M4.95 
0239.95 
$79.95 
S84.95 
S94.95 
0109,95 
$279,95 
$293,95 



EPROM ERASERS 

DATARASEII $39.93 

■ SHIRT POCKET SIZE' 

■ ERASES MOST EPROMS; 
EPLUS IM 3 MINUTES • ALL 

SIZES JPT04ATAIIME 

DATABASE II 
SPECTKOHtCS COKPOHATION 



Mcntel 




(or I Innnslty 


Unit 






CiUfi! 
9 


(UW.Cm^) 
0,000 


Cosl 


PE-140 


NO 


S09 


PE-140I 


YES 


9 


8.000 


1139 


PE-240T 


YES 


12 


9«)0 


0189 


PL-26ST 


YES 


30 


9.600 


US5 



HIGH-TECH 

SPOTLIGHT r MICROPROCESSORS 



II you 1'(mE your Nacd disk it \oo ilow. lh« xjiijllon to youi 
proi^iftjTi mov rvqijir* Ro4^mrg morfl Ihan th« Itm* tt rolc*> ^o low 
levfll &EFOBMAT your dUk or the optimum INTERLEAVE. 

int4rteoving a b«n*nc[cl whorMw iha nard drtk can teon^' 
tat d<ila taiim Ihan thd CPit cort ciccvpt i. OurVng tho ]6.6ms it 
iak.^% rof onv iwolulior dT the diak, appfoxJmatftiy A,?(U char' 
ciclara ol dala can t» r«3d Icom ona trock,' II it\9 procsuor 
conrtol k*4j> up, tho propor Jnlvrlcov* will hirtp. Thrt optiimurri 
lnl«rt*av« will ho determined bymv numtwr of characto-rt (tie 
prCK^etDOf con >Qcc«pt Ir on« rev. For our example., lel'i toy >h« 
proceuor can accept ^,702 choroclen In l4r6rTis- 

inttocKl ot numbvrlng lh« Mcton Mquantlally from: I lo 1 7, 
we will ii«tanTiat the «aclor numl&erir^g, with an Interleave foc- 
tat Of 3, th# sectofi wilt b« numbertd 1 -7-\i-2A'U-i'9-ii'A- 
10-16-5-11-17-4-12. 

Thi) pllaw$ lh« CPU Id store Ihe data Idf Hclor tl while 17 
and §M are pcuJng undei The reai::i/wiiie hood, and Ihon con- 
Ilnii4 w>ith ^-clor#2 whon II Is ready. In one revolulloft A leclgn 
□(512 bytoi wl]l be recid and ttot^. In 3 r«volutlons all of the 
i«ctcn win tm r«od. Any krlertoave ottier Ihan 3 wJU. In Ihht 
example, cause dliit acceultmA lo tncrKis4, 

Dertck Moonr, Dlrecler of Engineering 

Miuattf *och ttock \S divjded Inio 1 7 sectors Ctectk>ns> of 5l 2 
b yt^j ( choractersy per sedor. 



8000 



16LS 

16R4 
16R6 
16R8 



PALS 

02.95 20LS 
2,95 20R4 
2.95 20R6 
2.95 20RS 
20X8 



STARTER KIT 

COMPLETE ENTRY.LEVEL | 
PAL DEVELOPMENT KIT 
FROM CUPL 
HOD-UPL-SOFT 999.95 



MISC. 

ADC0004 2.99 

ADC0309 3-85 

OACOOOO 3.29 

DACOSOO 1.95 

1793 9.95 

0372 4.39 

COH8116 8.95 

UPD785 4.39 

1691 6.95 

2143 6.95 
AY5-36aO 

PRO 11.95 

AY3-10t5 4.95 

AV5-1013 3.95 

MC146818 5.95 

MM50187 9.95 

MM5ai74 9.95 

MSM5032 2.05 
IM6402 
IM6403 
(NS8260 
NSie450 



CRYSTALS 

32.700 KH: .95 

1.0 MHz 2.95 

1M32 295 

20 1 ,95 

2.457S 1 .05 

3.579545 1 .95 

4,0 1.95 

5.0600 1.95 

6.0 1 .95 

0.0 1 .95 

10.0 1 .95 

12.0 1.95 

14,31010 1.95 

15.0 1.95 

IS.O 1,95 

20.0 1 .95 

221104 1,95 

21.0 1.95 

iU 1 



CRYSTAL 
OSCILL. 

1.0MHz 5.95 

1 .8432 5.95 

2.0 5.95 

24570 5.95 

4,0 4.35 

5.0608 4.95 

0,0 4.95 

10.0 4.95 

14.31618 1.95 

16.0 4.95 

18432 4.95 

20.0 4.95 

24 4.95 



6031 
8035 
6039 
8052AK 
BASIC 
8000 
6035 
8005A-2 
6086 
80OB-2 
6155 
8155-2 
6156 
8741 
6748 
8749 
6755 



8200 



8212 

8216 

8224 

6223 

8237 

8237-5 

8230 

6243 

8250 

6251 

8251 A 

6253 

8253-5 



8200 

0254 9.95 

0255 1.99 
0255-5 2.49 

0256 15.95 
0250 1.95 
0259-5 2.29 
0272 4.39 
8274 4.95 
0275 16.95 

0279 2.49 
0279-5 2.95 
8262 3.95 
0283 3.95 
8264 2.25 
0286 3.95 
8267 3.95 

0280 4.95 

Z-80 

ZOOCPU 1.25 

280A-CPJ 1.29 

Z80B-CPU 2.75 

Z80A-CTC 1.69 

Z80B-CTC 4.25 

r80A-I>AHT 5.95 

ZeOB-DART 6.95 

ZaOA-DMA 5.95 

ZeOA-PIO 1.09 

288B-Pia 4.25 

ZOOA-SIOO 5.95 

280A-SIO.1 5.95 

ZOOA-SI0.2 4.95 
28671 BASIC 9.95 



6500 



6502 2. 

05O2A 2. 

55fl2B 4. 

55C02' 7. 

552! Z 

0520 13 

6532 5. 

0551 :. 

5561 14. 
■CMOS 

6800 

0800 1. 

6602 2. 

08O0 2. 

6609 2. 
0SB09 5. 
6609E 2. 
0SB09E 5. 

6610 1. 
0821 1. 
56B21 1. 
0040 3. 
0645 2. 
0847 4. 
5650 1. 
0083 22. 

V-20 

V20 6.95 

V20-8 8.95 

V20-10 11.95 

V30 13 95 J 



LINEAR COMPONENTS 



T1.071 

TL072 

T1.0e4 

LU301 

LM309K 

LM311 

LH311K 

LM317T 

LM310 

LU319 

LM3^K 

LM324 

LH334 

LM330 

LH33SK 

LM339 

LF353 

LF356 

LM350 

LM360 

LM380 

LM393 



TL497 

HE555 

NES56 

NE550 

LM505 

LM507 

NES70 

NE5W 

LM723 

LM741 

HC1330 

UC13S0 

LM1450 

LM1400 

LM1489 

LM1490 

ULNaOOO 

XR2200 

XHaai 1 

CA3040 
CA3146 
MC347a 



MC3487 

LH3900 

LM3909 

LJU3914 

ICT760 

7S05T 

7808T 

70127 

781 5T 

7905T 

791 2T 

791 ST 

MAIC232 

ICL9038 

ICKTaOT* 

10X7200 

75150 

75154 

751S6 

75189 

75451 

7S452 



JDR MtCFlOntVICESflHD IHE JDfl HICBODEVICES tOGO«BE BEGIBTEBEDlfTAOeMflBllSCf JOB MICFIODEVICES. 16H 41 PS.7ME IFISDEH«OKS Of IHIEF»I4TI0H»1 81JSINESE MACHtHES 
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POWER SUPPLIES 







ISSWATT POWER SVPPL Y 

■ UL APPROVED 

• *SV(i>15A. *12VS>4.!A. 

-5V@ 6*.-UV@,5A 
PS-13S S59.9S 

PS-150150WSUPPLY $69.95 

200 WATT FOWm SUPPL Y 

■ UL APPROVED 

• .5V@20A. .12V®TA, 
■SV® 5A. -lIVgl.SA 

PS-20O IS9.35 

APPLE TYP[ SUPPLi' 

■ WITH APPLE CONNECTOR 

■ .5V(S>6A. *12V@3A, 

5V@IA. .12V@1A 
PS-A S59.9S 

36 WA U POiVEIt SUPPLY 

■ .5Vlg>2.5A, -tJVlgll.SA 

■ 3 PIN INPUT. 6 PIN OUTPUT 

■ SELECTABLE 11(1V.22[)V 

PS-3045 S12.9S 




V SOLDER STATIONS 



SOLOeH/DESOLDeil STATION 

■ OIL- FREE VACUUM PUMP 

■ TEMP ADJUSTS (212>F9M'F1 

1 VACUUM (OHICM'HS) 

■ WITH GUNREST, COOLING TRAY 
WIRE BRUSH !, TIP CLEANER HOD 

XYSS9SD $399.95 

XY999D DESDLDER ONLY $349.99 

DELUXE SOLDER STATION 

■ ROTARY SWITCH TEMP 
CONTROL (2MI ' F«78 'F FtANCEl 

■ LED TEMPERATURE READOUTS 

■ INCLUDES COOLINa TRAY 

XY9^L S79.9S 

SOLDER STATION 

• UL APPROVED 

• HEAT SETTING ADJUSTS 

• TIP TEMPERATURE READOUT 
- HE PLACE ME NT TIPS® 12,95 

16a<3C $S9.95 



WIREWRAP 
PROTOTYPE CARDS 

FR-4 EPOXy GUSS LumNATE WITH (SOLD PUIT^D 
eoGECARO PINGtRS AND SILK SCHtENED LESSNDS 




FOR XT 

J0R-PR1 WITHiSVANDGFlOUNOPLANE 

JDR-PR2 ABOVE WITH l;0 DECODING LAYOUT 

J0R-PR2PK PAHTSKITF0HJDR.PH2ABOVE 

fORAT 

jdr-ph10 1 & bit with 1.0 decoding layout 
JDR-PRIOPKpahtskitforjdrpriiiabove 

FOR PS/2 
J0R-PR32 32 BIT PROTOTYPE CARD 
JDR-PR16 1 6 BIT WITH hO DECODINO LAYOUT 

JDR-PR16PK PAHTSKITF0HJDR-PR15 ABOV E 
JDR-PR16V 1 6 BIT FOR VIDEO APPLICATIONS 



DATA SWITCH BOXES 


TYPE 
^'USHBTTN 
HOTAHY 
ROTARY 
HOtARY 


fOFPDS 

2-WAY 
3-WAY 
i WAY 


PARALL 

ab"p" 

RSP-2 
RSP-3 
RSP-4 


SERIAL 


PRICE 


AB-S 
RSS-2 
RSS-3 
RSS-4 


39.95 
24.95 
Z7.9S 
29.95 1 , 






^^H 




^^^ 



MOLDED COMPUTER CABLES 



GOLD-PLATED 
CBL-PRINTER 
CBL- PRINTER 
CBL- PRINTER 
CBL-DB25-MM 
CSL-DB25-MF 
CBL-9-SERIAL 
CBL-KBD-EXT 
CBL-CNT-MM 
CBL-HD-20 
CBL-HD-34D 
CBL-FOC-EXT 
CBL-MNT-9 
CBL-MODEM 



CONTACTS; tM!4 SHIELDED 

PC PRINTER CABLE 9,96 

■25 ASAE0VE-2SFT 15.95 
RA RT ANGL PRINTER 15,95 



DB2S MALE-MALE 
OB25 MALE-FEMALE 
S PIN -25 PIN SERIAL 
KEYBOARD EX TEN, 
36 PIN CENTRON,-M'M 
20 PIM HARD DISK 
M PIN DUAL HARD DISK 
37 PIM EXT FLOPPY 
9 PIN MONITOR EXTEN 
DB25-DBJ5 FEMALE 



9.95 
9,95- 
6.95 
7,95 
14,95 
2,95 
4.95 
9.95 
6.95 

e,95 



RS-232 
BREAKOUT BOX 

pan TROUBLFSHOOTItia 
SEHIAL COUUUNICATIONS 

• OPEN/CLOSE INDIVIDUAL 
CIRCUITS ■ 20 JUMPERS 
CROSS-CONNECT ANY TWO 
CIRCUITS • 10 CIRCUIT 
ACTIVITY LEDS 
GENDER-BO $34.95 




SURGE SUPPRESSOR 

PROTECTS raUH EQUIPUENT! 

■ SW 3-PROMG AC OUTLETS 

■ IS AMP CIRCUIT BREAKER 

■ 6' HEAVY DUTY CORD 

■ 1 5 AMP MAX LOAD. 1 875 WATTS 

■ UL APPROVED 

POWER -SURGE $12.95 

POW ER-STR IP W/O SURGE S9.95 



LITHIUM BATTERY 

■ ev FOR ;S6 AND 3S6 PCS 

• MOTHERBOARD CONNECTOR 

• ADHESIVE VELCRO MOUNTING 
STHIP 

LITHIUM 6,8V $11,95 

COIN TYPE BATTERY 

LONG-LASTING 3V LITHIUM , 
LtTHIUM-SV SI. 95 

1.3V-MHW S1.49 



APPLE-COMPATIBLE PRODUCTS 

FLOPPY OHIVE FOH APPLE II SEFIIES 

AP-150 (W-CABLE. CONNECTOR) (99.95 

REPLA CEUEKT KEYBOARD FOR APPLE II i II- 

KEYBOARD-AP $59.95 

EPROM PROGRAUHER. NOT REC. FOU CMOS. 
RP-525 (NO POWER SUPPLY REQ.| $89.95 

:eK UAH caud boosts «k apple to hk 

, RAM-CARD (3 YEAH WARRANTY) S39.95 



EXTENDER CARDS 

FOP PROTOTYPE DEBUGGING. 
TEST7NG AND THOUHLESWOOT7N0 

EXT-8086 XT COMPATIBLE $29-95 
EXT-8C2a6 AT COMPATIBLE $39.95 
EXT-16 MICROCHANNEL 16-BIT $69-95 
EXT-3^ MICROCHANNEL 32BiT $99.95 



SOLDERLESS 
" BREADBOARDS 

PDS-100 1360 TIE PTS $12,95 

PDS-2M leeOTIEPTS $19.95 

PDS-30O 2390 TIE PTS $24,95 

PDS-4M 2220 TIE PTS $34.95 



PC BREADBOARD 



3 

BUSLINES ( I 



. 62 CLEARLY LABELLED BUS L 

' ACCEPTS UP TO 2i 1 4-PIN ICS 

• )940TIE POINTS 

- EXT FEMALE DB25 D-SUB CONNECT 

PDS-604 $49.95 J 

GENDER CHANGERS 

GENDER-FF FEMALE-FEMALE 17.95 

GENDER-MM male-male |7,95 
GENDER-MF MALE FEMALE $7.95 
GENDER-NM NULLMODElid $8,95 
GENDER-JB JUMPER SOX $8.95 
GENDE)^-MT MINITESTER $14,95 
GENDER-VGA DS9DB1S $19.95 
GENDER-9-25 DB9-DB25 $4.95 

4l 




"SNAPABLE" HEAL 

SNAP APART TO UAKE ANY SIZE 
HEA OEP, WITH .r CENTERS 

1 X 40 STRAIGHT LEAD .99 

1 X 40 RIGHT ANGLE LEAD $1 .49 

2 I 40 STRAIGHT LEAD $2.49 
2 X 40 RIGHT ANGLE LEAD $2.99 



IDR INSTRUMENTS-2 YEAR WARRANTY! 

3SMHZDUAL TRACE OSCILLOSCOPE 

■ WIDE BAND WIDTH ■ VARIAK.E HOLOOFF 
MODEL-3500 (SHOWNi $499.96 
20 MHZ DUAL TRACE OSCILLOSCOPE 

- TV SYNC FILTER • COMPONENTS TESTER 
MODEL 2000 $389.96^ 
J.J DIGIT PROSE TYPE DMM 
• AUTOHANGINO - ACDC 2V - 500V. RESIS ,2K.2M 
DPM-1DD0 (SHOWN) $54.95 
J.S DIGIT POCKET SIZE DMM 

■ BASIC DC ACCURACY .0 Sli ■ 14 RANGES 
DMM-100 $29.95 
3.S DIGIT FULL FUNCTION DMM 

- BASIC DC ACCURACY .0.2314 ■ 22 RANGES 
DMM-2(X) $49.95 
THF ULTIMATE 3.S DIGIT DMM 
' BASIC DC ACCURACY iO,25% ■ 34 RANGES 

■ TEMP, TRANSISTOR i RESISTANCE FEATURES 
DMM-300 (SHOWN! $79.96 




RELIABLE, 

HIGH QUAilTY 

TEST EQUIPMENT, 

REASONABLY 

PRICED 




IDC CONNECTORS/RIBBON CABLE' 



SOLDEH HEADER 



RIGHT ANGLE SOLDER HEA DER 

WIREWRAP HEADER ! ' 

.aiBHT ANGLE WIREWRAP HSAP.Ea, 
BIBBON HEADER 5.0..CKiT_ , 

RIBBON HEADER 



^^82 ; 1 .29 , 1 .63 _ 2,20 1 2-56 
TaS '1.35' 1.76' 2,3l"! 2.72 



BIBBON EDG E CARD 



1.B6 2,9s ,3,fl-i -1,': 
S.,S.;(! .J.;':-! -i- 



_^.5,50 6-25, 7-00,7,50 
jSS, ,55 . .75, ,33, 1,£9 



RIBBON CABLE 10 FT- 



1.50 .3,00 1 3.96 I 5-10 6.00 



3.39 

6-53 
7-,?,0 
i,.lj. , 
8..5.PJ 
1.68 I 
7.50 I 



Fan onDERiNc instructions, see B-suBmNiATURE connectors below 



D-SUBMINIATURE CONNECTORS 



■uM^OTV^ 


ipnoN 


ORDER BY 




CONTACTS 


-Vv- 


V^ 




3 


15 


19 • 25 


37 


50 


SOLDER CUP 

RIGHT ANGLE 
PC SOLDER 


MALE 

>EMALE 
MALE 
FEMALE 
MALE 


DSllP 


AS 


.59 


.S9 


.69 


1.35 


1.05 


DBxxS 


.49 


jca 


.75 


.75 


t.3S 


2.29 


DBxiPB 
DBjikSR 
DBllPWW 


AS 


JfS 


— 


.79 


11.27 


_ 


,55 


75 


„ 


nn 


2.49 


_ 


WIREWRAP 


1,69 2,S6 


" • 3-B9 


5-60 - 


FEMALE 


DBxxSVm 


2,76 4,17 " 6.84 9.95 




IPC RIBBON CABLe 


MALE 


IDBxiP 


1 ,29 1 .g^ ~ 2-25 : 4-25 


_ 


_. FEMALE 
METAL 
PLASTIC 


IDBllS 


1 ,45 ; 2.05 .- 2.35 


4.49 - 


HOODS 


MHOODXK 


1*5! 1-15 '1-25 1-25 




HOODki 


,39 .39 , .- .39 


_..6? j7S„: 



ORDERING INS TRUCTIONS: INSERT TNE NUMBER OF CONTACTS IN THE POSITION UARKED 
"iJt" OF THE 'ORDER By PART NUmaER LISTED. EXAMPLE : A IS PIN RIGHT ANGLE UALE 
PC SOLDER WOULD BE DB1SPR 

UOUNTINa HARDWARE .53 



IC SOCKETS/DIP CONNECTORS 



P^^ESCRIPTION 


ORDER BY 


CONTA 


CTS '-Vv^V"..^- 


» 1 14 le 


1» 


n 


22 


24 


SSJ 40 


rSOLDERTAIL SOCKETS 


xST 


_J.1_ ! JJ,.,,.12 


.15 


Ji 


.15 


,20 


.d .30 


IIF SOCKETS 


ZIFll 


_ 


S.S5 


S.9S ~ 


6.95 " 7-35 7,9^10-95 


TOOLED SOCKETS 


AUGATXX 


.55 


.59 


,59 


.79 


,65 


,65 ,99 1,09 1.29 


TOOLED WW SOCKETS 


AUGATllWW 


1.30 


IJO 


1.10 


2.40 


2.50 


2.90 


3-15 3.70 5-40 
.99 1.09 1.49 


COMPONENT CARRIERS 


ICCIX 


.49 


.59 


.69 


.09 


.99 ,99 


DIP PLUGS (IDC) 


IDPlK 


.95 


.49 


.59 


1.29 


1J9 - -85 


1.49 1-59 



TOH oRDE/me iNSTnucTicMs see D-suBumATvne comecTORS above 



JDR MICRODEVICES. 2233 BflANHAM LANE, SAH JOSE, CA 95124 
LOCAL (408) 866-6200 FAX (408) 559-0250 TELEX 171-110 

RETAIL STORE: 1256 SOUTH 8ASC0IV1 AVE.. SAM JOSE. CA 
(408)947-8881 HOURS: IVl-F 9-7 SAT. 9-5 SUN. 12-4 



lliMi l fiBli 



Tcrnis MiJlim 

iind S4 SQ to* 

Chac^iDS— plcastconiatl Tl 

include isppkcjljlp sates iflx, Puces suQjccl lo cnonge wirhoul nonce. We arc not 

t(?«poni!&lE)l& For lypograph^cal errors W& rcservf IMC ii^lil ID liimil <tu Jul i [ie-s dind 1q 

siit}5[iluic manufactiurcr All (ntfc^ancJi^e subiccl to ptto^ safes, A run copy oT out 

terms i& available upon requci&i Ittms pictured may only be tepresonlaiiwc 



ORDER TOLL FREE 800-538-5000 

COPYRIGHT 19B9JDRMICRODEVICES MON.-FRI. 7 AM. TO 5 P.M., SATURDAY, 10 A.M. TO 3 P.M. (PST) 
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2400 BAUD MODEM 



■ HAVES COMPATIBIIITY 

■ AUTO DIAL-ANSWER 

■ SELF TEST ON POWER UP 

■ f IJLL AtJD HALF DUPLEX 

■ TOUCHTONE OF PULSE DIALIwe' 
■2rjD PHONE JACK 

MCT-241 

PROMETHEUS MODEMS 

PRO-241 2400eiAUDINTEHNALl.JCARD 
PRO-121 iJOCEAUOINTEHfJALl-SCAHD 
PRO-24E 2400 BAUD EXTERNAL MODEM 
PRO-12E 12O0 BAUD EKTERNAL MO06M 



DFI HANDY SCANNER— 400 DPI 

$f^g95 -^i 

- QUICKLY SCAH5 UP TO 4 r i^L 

WIDE IklAGES ■ '00. 2M. 300. \ 

*QQ DPI 0OTH DIRECT EONS * BfiW S ' 

3 HALF TONE MODES - 31 LEVELS OF 

GFIAY SCALE • HERCULES. CGA. EGA AND VGA COMPATIBLE ' 

• INCLUDES HALO OPE AND IMAGE EDITOR SOFTWARE 

KS-3000 

OCR-SOFT CHARACTER RECOGNITION SOFTWARE S99.95 




UPRIGHT 



^299 



SPACE SAVING DESIGN HOLDS ALL SIZES 
OF MOTHERBOARDS AMD INCLUDES 
• 260W POWER SUPPLY ■ MOUNTS 
FOR 3 FLOPPY fi i HARD DRIVES 

■ TURBO t. RESET SV«ITCH ■ LED SPEED 
DISPLAY ■ POWER S DISK LCD'S 

■ ALL HARDWARE. FACEPLATES S SPEAKER 

CASE-100 

CASE-FLIP FOR 8086 BOARDS 

CASE-SLIDE FOR 80S8 boards 

CASE-70 FOR 286 BOARDS 

CASE-50 FOR C0S8'3S6 BOARDS 
CASE-JR MINI 286 W'1 SOW PS $149.9S 



DFI SERIAL MOUSE 

■ 3-euTtON OPTO- MECHANICAL 

•200 D.P.I -S-iJa' CABLE 

- uses SERIAL PORT COM 1l! 

•INCL SOFTWARE DRIVERS 

□ MS-2a>E 

MOUSE i HALO-DPE SOFTWAfiS 

DMS-20O $59.95 

NEW LOGITECH 3-BUTTON MICt 

NEW SERIES 9 MICE FEATURE 320 DPI RESOLUTION. SERIAL 
MICE ARE ALSO PS''2 COMPATIBLE 

L0GC9 SERIAL MOUSE 198.95 

LOGC9.P SERIAL MOUSE WITH PA1NTSHOW S109.96 

L0GC9-PBL SERIAL MOUSE WITH PUBLISHER J149.95 

L0GC9-PC SERIAL MOUSE WITH PAlNTiCAD S1M.95 
LOGB9 BUS MOUSE $89.95 

LOG69-P BUS MOUSE WITH PAINTSHOW S104.96 

LOGB9-PBL BUSMOUSEWITH PUBLISHER S139.95 

L0GB9-PC BUS MOUSE WITH PAINTCAD SI 49.95 



VGA 

COMPATIBLE 
PACKAGE $4Qg 

- 720 X &40 MAX RESOLUTION, 640 X 4&0 IN 16 COLORS, 
528X430 RESOLUTION IN 256 COLORS - IBM STYLE MONITOR 

• VGA. EGA, CGA, AND MGA COMPATIBLE 
VGA-PKG (INCLUDES VSA CARD AMD MONITOR! 

VGA MONITOR $359 

• 1 f ANALOG VGA - GLARE FIESISTANT SCREEN • 7JD X 4BD 
. TILT SWIVEL BASE • FRONT MOUNTED POWER SWITCH 
VGA-MONITOR 

REUSYS MULTISYNCH $429 

■ FULL FEATURED MULTISCAN MONITOR WITH UNLIMITED 
COLORS -Srox 660 RESOLUTION, t4- NON-GLARE DISPLAY 

■ AUTO SWITCHING • TTL'ANALOG VIDEO INPUT 
JDP-MULTI 

EGA MONITOR $339 

■ MOX 2003M RESOLUTION • 14" BLACK MATRIX SCRf EN 

■ 16 COLOR DISPLAY -SPIN CABLE 

EGA-MONITOR 
[eG^PECML^Afl^^(0WfTO^JUS^4j^L 

JDR-RGB i.'.-HfiB MONITOR T.LT SWIVEL BASE S239.95 
JDR-MONO 12' TTL MONOCHROME- GREEN S69.95 

JDR-AMBER 12' TTL MONOCHROME AMBER $59.95 



KEYBOARDS 

101 KEY INHANCtO, WITH SfPAHATl CUSSOg fAD: 
BTC-5339 AUTQSENSFFOHXTAT.AUrOHEPEAT $69.95^ 
K103-A AUDIBLE -CLICK" STYLE S84,95 

MAX-5339 MAXl SWITCH WfTACTlLE FEEDBACK $84,96 

MAfT-SntES; 

BTC-5060 AUTOSENSE FOa XXIM $59.95 

MAX-5060 MAXISWITCH W/TACIILE FEEDBACK S64 



MODULAR CIRCUIT TECHNOLOGY 

DRIVE CONJROUIIIS: 



MCT-FDC 

MCT-FDC-1,2 

MCT-HDC 

MCT-RLL 

MCT-FH 

MCT-AFH 



FLOPPY DISK CONTROLLER 
1 2 MB FLOPPY CONTROLLER 
HARD DISK CONTROLLER 
RLL CONTROLLER 
FLOPPY, HARD CONTROLLER 
266386 FLOPPY'HARD 



MCT-AFH-BLL 26636 RLL CONTROLLER 
OISFIAY ADAPTOK CASDS: 



MCT-MGP 

MCT-CG 

MCT-EGA 

MCT-VGA-S 

MCT-VGA-16 

MCT-MGMIQ 

MCT-MGAIO 



MONOCHROME GRAPHICS 
COLOR GRAPHICS ADAPTOR 
ENHANCED GRAPHICS ADAPTOR 
B-an VGA, ANALOG ONLY 
16 BITVGA- 1024X766 RES 
MONOGRAPHICS MULTI LO 
;e6 JB6 MONOGRAPHICS l.'O 



$29.95 
$49.95 
$79.95 
$e9.95 
$139.95 
$149-95 
$199.95 

$59.95 
$49.95 
$149.99 
$199.95 
$329.95 
$119.75 
$99.95 



MVl TIFUNCTION CAROS: 

MCT-MIO MULTi I O FLOPPY CONTROLLER 

MCT-IO MULTI lO CARD 

MCT-AMF 28&386 MULTIFUNCTION 

MCT-AIO 266'386 MULTI 1.0 CARD 

MtMORr CARDS: 
MCT-RAM 576K RAM CARD 

MCT-EMS EXPANDED MEMOflY CARD 

MCT-AEMS 286'^6EMSCARD 



MODULAR PROGRAMMING SYSTEM 

INTEGRA TED MOOULAB SYSTEM BASIL Y EXPANDS! ALL 
MODULES use A COMMON HOST ADAPTOR CARD-USE JUST 
ONE SLOT TO PROGRAM EPflOMS, PROMS. PALS t MORE 



HOST ADAPTOR CARD $29.95_ 

• UNIVERSAL INTERFACE FOR ALL 
THE PROGRAMMING MODULES i 

■ SELECTABLE ADDRESSES 
PREVENTS CONFLICTS 

• MOLDED CABLE 
MOO-MAC 

UNIVERSAL MODULE $499.99 

- PROGRAMS EPROMS. EEPSOMS, 
PALS. BIPOLAR PROMS. 8746 S 8751 
SERIES DEVICES. 16va AND 20V8 GALS 
(GENERIC ARRAY LOGIC! FROM LAT1 
NS.SGS 'TESTS TTL CMOS, DYNAMIC 
1 STATIC RAMS ■ LOAD DISK, SAVE DISK 
EDIT. BLANK CHECK, PROGRAM, AUTO, 
READ MASTER, VEfllFY AND COMPARE 

• TEX TOOL SOCKET FOR 3" TO 5'W IC'S I 6-40 PINS) 
MOD-MUP 



EPROM MODULE 





$119.95 

• PROGRAMS 2432 PIN EPROMS, CMOS EPROMS 
i EEPROMS FROM 16K TO 1024K - HEX TO OBJ 

CONVERTER • AUTO, BLANK CHECK'PROGRAM.'' 
VERIFY -VRPS. 12 5 12 7S 13, 21 S 25 VOLTS 

■ NORMAL. INTELLIGENT. INTERACTIVE t, QUICK 
PULSE PROGRAMMING ALGORITHMS 

MOD-MEP 

MOD'MeP-4 4.EPR0M PROGRAMMER $169.95 
MOO-MEP-8 8-EPROM PROGRAMMER $259.95 
MOD-MEP-16 16. EPROM PROGRAMMER S499.95 

DIGITAL tC MODULE $129.95 

■ TESTS TTL, CMOS DYNAMIC 4 STATIC RAM 

• AUTO SEARCH FOR UNKNOWN PART NUMBERS 
- USEHPHOGRAMMAELE TEST PROCEDURES 

MOD-MIC 

PAL MODULE $249.95 

■ PROGRAMS MML NS, Tl 20 iTI 24 PIN DEVICES 

• BLANK CHECK, PROGRAM, AUTO. READMASTER, 
VERIFY S, SECURITY FUSE BLOW 
MOD^MPL 

CUPL SOFTWARE-ENTRY-LEVEL PAL OEV. KIT. 
MOO-M PL-SOFT 



HARD DISKS KITS 

20 MB ^199 20 MB ^249 
30 MB ^21 9 30 MB ^279 
40 MB ^31 9 <^ Seagate i 
28 MS ^389 ^^^1 
60 MB ^3g9^^W! ™ 
80 MB ^569 %^Z^f^ 







AVG. 


FORM 


DRIVE 


XT 


ATFfM 


SIZE 


MODEL 


SPEED 


FACTOR 


ONLY 


KIT 


KIT 


20MB 


ST.225 


65 MS 


5.1. '4" 


»1» 


(249 


$M9 


lOWB 


ST-1IS 


40 MS 


3-1(2' 


S259 


K99 


$373 


30MB RLL 


ST-!3fi 


6SMS 


5-1(4" 


$210 


$279 


$378 


30MB RLL 


ST-13S 


40 MS 


3-1(2- 


S289 


(339 


$429 


4DMB 


ST-251 


40 MS 


5-1(4" 


M10 


$369 


$429 


40MB 


ST-I5I.1 


28 MS 


5.1(4" J389 


$438 


MM 


6DMB RLL 


ST-277 


40 MS 


5-1(4" J3»9 


$449 


$549 


BOMB 


ST-40M 


28 MS 


5-1 (4" 


S563 


— 


»679 



80MB SCSI 

SCSI DRIVES ARE FASTER 
ST-I96N BY SEAGATE 
MGT-SCSI HOST ADAPTOR CARD $49,95 
ST-02 SCSI ADAPTOR W.f LOPPY $79,95 



M99^ 



1.44 MB 3-1/2" DRIVE^ ^ 



- ULTRA HIGH DENSITY ",?<»-■- 

- READ..WRFTE 72QK DISKS. TOO 
FDD-1,44X BLACK FACEPLATE 
FOD-1 .44A BEIGE FACEPLATE 
FDO-1,44 SOFT SOFTWARE DRIVER $19,95 

1/2 HEIGHT FLOPPY DISK DRIVES: 

6 t(4'TEACOS.DD360K 
5-1(4- TEAC DSHDl JM 
5 1.'4-DS;DD360K 
5-l.'4-DS'HD 1.2M 
3 1(2- 720K (BLACK) 
3 1.'2- 7S0K (BEIGE! 



MOTHERBOARDS 

25 MHZ 3S6 ^1049 -^ upob*™ fOUR- 

. 1025 MHZ ^IWTMEfleOARDt; 

' 16 MB RAM CAPACITY. 9MB 

ON BOAHDIOKj 6 MB RAM CARD 
< USES256KOR 1MB DRAMS 
• a SLOTS 1X32 BIT RAM 

2X 6-BIT a 5X1 6- BIT 
. SHADOW RAM FOR BIOS 

VIDEO -AMI BIOS 

- INTERLEAVED MEMORY 

- ADJUSTABLE BUS SPEEDS 
MCT-3B6M825 

MCT-386M B20 1 020 MHZ 386 
MCT-3B6-M 8MB HAM CARD lOK) 

12 MHZ MlNI-286 




• AT COMPATIBLE 

• EXPANDABLE TO 

- SIX -e-BiTaTwo 

MCT-M286-12 
MCT-M2S6 
MCT-M2a6.16 
MCT-M2B6-20 
MCT-XMB 
MCT-TURBO 
^MCT-TURBO-10 



KEYBOARD SELECTABLE S(12MHZ 

4MB ON BOARD WITH 1MB DRAMS (OK) 
e-BlT SLOTS • AMI BIOS • LEDSUPPORT| 

E,'10MHZMINI-2e6 
8(16MHZ285 

1020 MHZ 2B6 
STANDAnD477MHZ8«e9 
a.77.'8 MHZ 8086 
4771QMHZSINGLECHIP8088S99.00 



EPROM PROGRAMMER * 1 2< 

- PROGRAMS 27XX AND 27XXX EPROMS UP TO 27512 

■ SUPPORTS VARIOUS PROGRAMMING FORMATS S 

VOLTAGES ■ SPLIT OR . 

COMBINE CONTENTS OF /• ri . 

SEVERAL EPROMS OF ,' 

DIFFERENT SIZES 

•HEAD, WRITE. COPY, 

ERASE, CHECKS VERIFY 

•SOFTWARE FOR HEX 

AND INTEL HEX FORMATS 

MOD-EPROM 



JDR MICRODEVICES. 2233 BRANHAM LANE. SAN JOSE 9S124 
LOCAL (4D8| 866-6200 FAX (408) 559-0250 TELEX 171-110 
RETAIL STORE: 1256 S. BASCDM AVE.. SAN JOSE. CA 
(40B( 947-B8B1 HOURS: M-F 9-7 SAT. 9-5 SUN- 12-4 



TcTui", MimmLim ardcr JtD.DC. For ^Tiipprnq £ n^ndlmp include 53 SO ior gcound 
ona £4 S& ji» OitJe*^ over i loona ron?iign o^defsirifiv 'ecimff' JiJditionni snippinq 
Charge-s— plEase cortuci IMS saifi dopamneni 1dt ihc jmourii CA m 
meiuOe ^ppiicsijip i5H?5 last. Prices sybjoct Id cfiangewitnoui nonce W<r a 
respormbtt lor i^pogrjiptitcdl piror^. W& rc&crv& trie r^gni to lienil qLiar>litl>H and to 
3ut>4EilUle inaniila^Eur0f . A1I mcrch aildl 5? £,ljI>|ccI Id priQf Sjlbs-S. A tuIII copy Qt Our 
terms is available upon requ-csl Items pictured mav only tje lepresent Alive, 



ORDER TOLL FREE 800-538-5000 1^ 



CIRCLE 171 ON FREE INFORMATION CARD 



i^QUAHTY PARTS itDISCOUNT PRICES ^FAST SHIPPING 

ALL ELECTROniCS CORP. 



3 to 6 Vdc MOTOR 
wrth GEARBOX 

Probably designed for ctiilds toy. 
Lever selects 2 forward and one 
reverse speed. 1 st gear aprox. 
120 rpm/Svdc, 
2nd gear aprox. 
300 rprV6vdc, 
Reverse aprox. 
120rpm/6vdc. 
3.35" XI. 75- X 3.25- 
CAT# DCM-10 $6,00 





CASSETTE MECHANISM 

Alpine cassetta^ 
transport 
mechanism. 
Includes 

stereo tape head, 
Mitsubishi # li^ET-3RF2B 13.2 Vdc 
motQf, beit, pulleys, capstan, fast- 
forward, rewind and eject actuator, 
[^es not inciixje amplifier soction. 
6 1/2- X 5 1/4- X 1 3/4". 

CAT« CMEC-5 $7.50 eacti 
10 for $65.00 



6 VOLT D.C. 

9.5 AMP/HOUR 

GEL-CELL 



Elpower* 695 
6 voh, 9.5 amp/tmur 
rechargeable 
gel-cell battery. 
4.25- X 2.75- X S.B", 
Quick connect terminals. 
CAT« GC-695 
$15.00 each 



fC:;^ 




12-36 VDC GEAR- 
HEAD MOTOR 

Brevel# 

780-953075 

Hated for 36 Vdc: 95 rpm. 

0.5 amps rto load. 65 rpm, 

1.5 artyp ® 12 Iti^n torque. Gaartxix 

Is 3 1/4" X 3 1/4' X 1 15/16" deep. 

Motor Is 1 1/2" diameter X 3 1/Z" 

long with double flatted 5/16' X 1" 

shaft. Ideal for pumps, lift rnecha- 

nisms, robotics and other tiigt) torque 

applications. CAT# MOTG-11 

$15,00 each ■ 2 for $25.00 



WALL 
TRANSFORfVIERS 

AU,PLLK3 

DflECTlY 

■JTO120VAC 

OUriET 

CAT* dc;tx.«» tz^ 

CATi DCTX-I7S (3.50 

CATt DCTX'US (2,50 

1!V<B»MQi~- CAT* ACTX.lilJ (ISO 

ISVac^turp. CATf ACtX-IHS (3,50 




SWITCHES 
ITT PUSH BUTTON 

ITTM0PL««>«t5M'X 
1/y griy wett n fl u <f 
iafop.SJ'.S.T. KO, 

PdhbdQM,FUTED:I).1«npHwb»4.a2S 
■n^«TvojiT«nLP,C, reufiL CAT#Pfr4 
BS«s«h < lOtwICtD > 100kir*G(}.QO 

10 POSITION MINI-ROTARY 

MiAl rMvr iwMch, Non4horth^. 
I dKh, 10 potlkKW, .\as'dm. 

IfM pwMl (tafA. F^.C. pinM. 

CATI WS-ia WA3t^KIHOWti,G0>Kh 

SPOT PUSHBUTTON 

MamuinU 1B43 

Skac4^ pintle pufthiUflon, 

Switch body: .07 X At' X .AS'. 

CATJ Pe-1( tt.AjHdi - ID kH 11,50 MCti 



AC. LINE CORDS 

.lS^Wll'2 

NONPOLAREEDIMJQ 
CAMLCAC StoJIXO ■ 100k<(«S,00 

POLARIZEDPl.ua 
CATt LCP.1 flO« Hdi - 100 tv tSO.OO 



UMIK WBAT $1 .00 WILL BUY 

200 ASSOflTEO /*"\ 

1/4 WATT RESISTORS 



r^ 



CATt ones (1.00 p*r ■AHFlnwn 

^Q^-£3D-^ 200 ASSORTED 

''"^^ 1/3 WATT RESISTORS 

Banc laadB. [art»n CHTfs And ctttxfi Islrrt. 

CATf OaASflE tlj» tw •HHRMnt 

50 ASSORTED 
DISC CAPACITORS 

Mori IF* OR (PJI lM<^], Som* lo 500 vokt 
CATi ORABDC (1,D0 par auonrmnt 

IS VALUES OF *^im 

ELECTROLYTIC3 If 

CcrtMkn t»di ukl md r«dU llylH Tjvni 1 n^ 
CATi OnASCP 91.00 p*f H«o(1nwnE 



9 fi 



LEG'S 



STANDARD JUMBO 

ftrHrFUSED T 1,3>I >1» 
REO CATt LED-) 
lOtwtl.SO - 100 1« (13.00 
GREEN CATt L£0.2 
101«»!.O0-10O(« 117.00 
rCLiOW CATi LEO-3 
lOf««.«J -lOOfw (17.00 

FLASHING LED .l 

»n1h btfH ^ ll**Kioj ciCMH ^ 

cfHn]«« on 5 mfti... H 

CATtLEI>.4 IDtorte.50 IT 
CKEEN tl.O0>B:l< M 

CATt t.E040 10 kv (^.50 .^^ 

BI-POLAR LEDM 

L^hbK f^D WW (frvdlon. T|T 

GREEN It- ellw. Tan Iwte. |l 
CATi LtSU 2la>1.7D 11 

LED HOLDER — J 

Two pics hoHW. C3 BJ 

CATi HLED 10 For 65c 



RELAYS 

II VOLT D,C, COIL S,P,D,T, 

ainonva2E-l&4P 4 AfrpocnlAds 

335 ohm toll 

Sugir cub* in. 

.fi1'X.4?X.44*h^. 

P.C, nxym wrth pin* on DIP tpmiv- 

CATt RLV-7IT (1.50 he4i 

i VOLT DC SIP RELAY 

Gould, fOimd ControM 
SfllA-SVDC 

SPST.W)nn«IV 
span SIP f*«d ro%. SS ohm co^ 
Itrrttoailtt. .S-X^O-XJSf 
hijh. HoMhg rv*«l> 11»«l*l> Hwo- 
caftaon uid chk>nnal«1 commwcul 
CATt RLV-SIPI 
t1.[DMCh-I0IO'(«,50 



e 




DOOR/WINDOW ALARM 

Protects 
doors and 
windows 
from 

intruders. 
Opening of door or window pulls 
pin from alarm module and triggers 
bud buzzer. Simple instaiation. Oper- 
ates on 2 AA batter tes (not included). 
Plastic case is 3.3Z" X 2.29- X 1.19-. 
Ivory with brushed aluminum face. 
CAT« DWA $2.00 eacti 
5 for £9.00 



10 AMP SOLID 
STATE RELAY 

ELECTHOLISZtai 
COMTBOL; 
Rd*d S.St} lOVcfa; 

(win op«t*1» on 3-32 V4c).'^ 
LOAD: 10 inp ^ 2<0 Vk 

2 1M- X 1 3H- X rv 

CATi SSRLV-IOB (S.»*K^ 

OUAWITTY DitSCOtWr 

101or«a5.00 ' 25 lor (175.00 

SOIvUOOOO -lOOhiiKOOOO 




XENON TUBE 

1' long ntirMut>« pr«cp<Kj w4Ui 

3 lj? ir*d and bUdt. ludt, MmJ im 
*l«ctr9i^ (lath Of (trob* prc^Kti. 



SOUND AND VIDEO 
MODULATOR 

Tlf LrMl3&M . DH^rwd liait iH« 
with Xl. DorpVlHi . Can b* LMsd 
with VU«0 o«m«rU, E^vnM or 
dtwr UKiic^VidaQ Mxirc*. BuA 



ih Iron TV. Hfl* 
diKQTirtKtcn, OpfMH on chu^W 

3 ^ 4 , n«quirH 1 2 Wc Hook up 

CATf AVMOD I&OO 




LIGHT ACTIVATED MOTtON 
SEKSOR 

Thn itvicm canlain ■ 

Sk^dvo chKng« in 

wrtMAl ligiht Coutd 

bm ui«d OS a door 

tnuneiuiot tn modified 

lolriSfivf dhH dvinco*. 

5 i;2- X 4- X l^ C^W*lM 

on 4 Vdc {^uir*i4 M twltwr wt (not indiidad) 

CATt LSMD (5.75 pw unif 




1/-I WATT RESISTOR KIT 
IdHd lor Ih* worktixp, tM« 

iM w«ll rMitw Ui cofitatnc 10 
plKH Mdt cf 42o( t^• nvti 

pOpUltf VftliM (420 pmtnA Va- 




ftpvtolocrfor. 

VALUES In IM* hH art: 

1 otvTv to ahm, 39 trfxn 
47 &m, i^ o^ fis oivTv too ohm. iso ohrn, 

ISOOftm. taOohn^ 2^ ohm, 330 ohm. 470 ohm, 

Sm ohm. «aO ohm. HK, l^ l .5K< 2K, 2.2K. 2.7K. 

aC 4.7K, 5.1K^ S.ftK, lOK. ISK. 22K, 3Clf, 3W. 3eK, 

47K. 56K. «K, TOOK, 52i»;, 150K.22aC47CK. 

1 UEa 5.1 MEQ, 10 UEG 

Th« iMJiion iton* woutd Ml b |2i .00. 

Compirt. kit - CAT# REKIT-14 SI 7.00 
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PIEZO 

WARNING 

DEVICE 

Muftfa En* « PKfiB-UO 

High pjn^wd ■udbta iLwrn. Op- 

•nlH on 3 - 20 Vdo ^ 20 nm. 1 - 

hlQh K 7/8* dl*. P.C. bovd neuit 

CATI P8ZM (1.75 uoh 



NICKEL-CAD 

BATTERIES 

IRECHARQEABLE) 



SPSCIALII AAA SIZE 

Pvwkonic^ P-iaAAA 

1,2vo«91B0MAh 

CATI HCBJUUX (TAlOKti 

10 loi (13.60 • lOOfoi (125.00 



AA SIZE (200 pKh 

I JS hHi 5O0 mUi 

CATt Hce,AA 

AA SIZE (220 oKh 

WITH SOIDER TABS 

CATi NCB4AA 
CS12E (4.25 EACH 
1.2 wta 1200 n^Ui 

CATi HCB-C 

OSIZE (4,60 «K^ 

1,2 wta 1200 mAh 

CAT) HCB-0 



TRANSISTORS 

ORDER BY PART t 

PN2222 NPN 

TO-92 5for75« 
PNS907 PNP 
TD-92 5for75t 
2N30SS NPN 
TO^ $1.00 each 
MJ295S PNP 
Tl>3 $1 .SO each 
KfJE2955T PNP 
TO-220 7Seeach 
MJE3055T KPf4 
TO-220 TSeeach 

TlPai NPN 
TO-220 75»each 

TIP3a PNP 
TO-220 75ee«h 
T1P121 NPN 
TO-220 7S» each 
TIP126 PNP 
TO-220 7Se each 



WIDE BAND AMPLIFIER 

NECtUPCieSia 13«lUht»3*, 

0«'>: 1Ubdt-S00 hz. KmRoponlion. ^^ 

SnvllFwcka9a4mmdiLX2.5nmlhldL /K^ 

CATi UPC-iesi 2lo((i.(n ^ 

10 hv (4.50 , too lof (35.00 

N-CHANNEL MOSFET 

RF-Stl TO.^?0eM* 
CATi IRF (It 
(1.00 *Kl^' 10 lor 10.00 
LA ROE QUANTITY AVAILABLE 



.^ 



STR08E KiT 




Vari«bl< m* tt^oU U, ^ic^M bthVHA dO lo 120 

HTWft par mnuta. Ml cpwtf!* en aVtar 8 h 12 Vda 
Etapandng tfun hnw ytKi WKa Iha aroA. Co<tim 
i30nt>l*t« wMh P.C. boan) md rntrudiani For aaar 
■arrtily. CATi BTROBE-1 |7,^ a«ti 



TELEPHONE COUPLING 
TRANSFORMER 

MuU Ppodt,)Ctt IntarntfMxuli AigN-HO-lCVI 

Prrnaif eOO ohm. 



.77"X.S1-X.63'hiHh. 

G p.c pint on . 1 0F eiirian. 

Prmuy indoctanca; 

300 ftH nwi,. at TkHz, 1 vbIL 

CATi TCT3C-1 W.25* 
loforliun * mhiriRjDO 



OPTO SENSOR 

U •h«p*d pkAJiO* witti nvunting 
mmrw, l/flf oponing. 3/4^ nrwntjnfl 
ol«. CATf oatM 50< •«* 
10 kw (4.50 . 100 b t40J» 



12 VOLT DC SOLID 
STATE BUZZER fgp^ 

stKf CMB-iana LT^ 

14pinDIPsoe»iiT. ^T"^ 

CMOS uoipfllibto. 

O^xfalaionl ■ 17Vdc#1 ri«,PCpinft. 
Hal 1nm>r Brminil. 70 dB @ £0 on. a.SSr 

X tj.er X .57S- rich. 

CAT* CMB-12 11.25 eadi 



14.7 VOLT TRANSFORMER 

Sprite loduiVifl«« 

CS-S10A. 14.7VDIL I |>eIS1l 

EO ts, BS2 Vl. ' 

i£i'tiionxi.ie-x 

1,47". Mouming holH on 2,37 OKllHi. 
CAT* TX-147 t3,00 each 
10forJ27.00 • lOOIbrKSO.OO 




CALL OR 

WRITE 
FOR OUR 

FREE 

CATALOG 
OVER 

4000 
PARTS! 




Now 60 pages! 



MAIL ORDERS TO: 

ALL ELECTRONICS 

P.O. BOX 567 
VAN NUYS, CA 91408 

TWX-S101010163 (ALL ELECTRONIC) 

OUTSIDE THE U.S.A. 
SEND $2.00 POSTAGE 
FOR A CATALOG!! 



ORDER TOLL FREE 

800-826-5432 

INFO: (818)904-0524 
FAX: (818)781-2653 

MINIMUM ORDER $10,00 
QUANTITIES LIMITED 
CALIF. ADD SALES TAX 
USA: $3.00 SHIPPING 
FOREIGN ORDERS 
INCLUDE SUFFICIENT 
SHIPPING. NO C.O.D. 
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CIRCLE 107 ON FREE INFORMATION CARD 
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SERVICE CHARGES VOLUME DISCOUNT 



100 



CIRCLE 82 ON FREE INFORMATION CARD 



Radio /haek Part/ Plaec 



EVERYTHING FOR BUILDERS, FIXERS, HOBBYISTS AND HAMSl 



Essentials at Everyday Low Prices 

f* (5)1 





(4) 

(1) Xenon Strobe Tube. 100,000 flash life. #272-1145 3.29 

(2) 12V Flasfiing Lamps. Red, yellow, green. #272-1097 . . Pkg. 3/1.29 

(3) PC Board Kit. Includes two 4Vai<3" copper-clad boards and every- 
thing needed to etch them. #276-1576 9.95 

(4) Package of Five Photocells. #276-1657 1.98 

(5) IC Pin Atigner. For 6-pin to 40-pin DIPs. #276-1594 3.49 

(6) Jumper/Test Cables. Set of 10, 5 dltferenl colors. #278-1156, 3.99 



RS-232 Connectors and Accessories 

(-!)_ ^ z:r77r^: (3) 




(4) 



(5) 



(1) RS-232 Mini Teat. Data status indicator for ID. RTS, DSR. CD, CTS 
and DTR lines. Connects inline. #276-1401 14.95 

(2) RS-232Modu1ar Jack Adapter. 25 - posit i on -Sub male to 6 -position 
modular phone jack. #276-1405 2.99 

(3) 25- Position Male D-Sub. #276-1429 2.49 

(4) 25- Position Female D-Sub. #276-1430 2.99 

(5) Metallzed Plastic Hood, 25-Po5ition, #276-1536 1.99 



Save With Our "Hotline" Order Service 



One-Week Delivery on Most Items 

Your Radio Shack store manager can 
speciai-order a wide variety of parts and 
accessories not shown in our catalog — 
tubes, ICs, phono cartridges and styli, 
microprocessor chips, scanner and CB 
crystals, modules for TV/audio equip- 
ment, even SAMS Photofacts*. There's 
no minimum order or handling charges. 
Come in for details. 




General Class Ham 
Exam Package 

Upgrade to 
General Class 

FCC License 

The Quick and 

Easy Way 



19 



95 




Painlessly prepares the novice/technician for the big step up to 
world-wide voice privileges. Includes an instruction manual with 
exam questions and answers, two self-paced code cassettes and 
FCC form 610 application. #62-2404 19.95 



Alligator Clips 



(1) 



/■\ 



(2) 



^ i^d 



(1) 50 -Amp Car Battery Clips. One red, 
one black. #270-342 ... Set o) 2/2.49 

(2) Claw Clips. Screwdriver terminals. 

#270-345 PKg. OI8J1.99 

m Insulateil. #270-347, Pkg. 10(1.99 



Sight 'n Sound 



R & C Bargains 




(1)'"' (2) 



(1) PC- Mount Transducer, 700 to 

3000 Hz. #273-090 4.99 

(2) Super-Bright LED. Requires 
1 85V, 20 mA. #276-087 1.63 

(3) Loud Buzzer. #273-070, 9.95 



(1) 



I 




(2) 



(3) 



(1) Thermistor. #271-110 1.99 

(Z) 5W, 2S-aiiin Rtieoslat. Handy to at- 
tenuate speakers. #271-265 2.99 

(3) 8-Ohm Non-lndiiclive Resistor. 

Rated 20 watts. #271-120 1.39 



AC-Line Insurance 



(1) 



(2) 



(3) 



I 



(1) Heaw-DutV MOV. #276-S68. 1.99 

(2) 0.01 pF, 2 kV Disc Ceramic Cans. 

Bypass value with a "workfiorse" rating. 

#272-160 Pkj. of 2/99(; 

{3) 100 yH RF Choke. #273-102, 996 



Cable and Ties 

(3) , 




^, 



(2) 



Audio Connectors 



Instrument Cases 



(1) Speaker MEGACABLE", 12- 
gauge. #278-1268, Per Foot 99C 

(2) Cable Clips. Adhesive back- 
ing. #278-1641 ... Pkg, of 3/1.79 

(3) Cable/Tie Marker. 
#278-1648 Pkg. of 10/2.49 



(1) 

GdIeI -Plated Plugs 




n 



(1) 



Fig. 



Description 



Cat. No. Each 



Phono 

3-CorTduclor. >lt' F'honel274 

3-CDnduaor. Vs" Phone 274 



274-850 
856 
858 



2.40 
3.99 
3.49 



(4| S-Pin Mike Plug. #274-025 .... 2.1S 



/ # 



(1) Professional Project Case. 
Ideal remote enclosure. 5^8 x 
21/4X11/.S': #270-257 4.99 

(2) Transmitter Case. Perfect lor 
an RF or IR transmitter or beeper. 
3^4X2^16X1". #270-293 ...3.99 



DC Hobby Motor 



89' 



V 



High Torque 
Low Voltage 



Just the thing for projects in ro- 
botics, solar power and science 
class. High torque, 8300 RPM max. 
1'fe to 3VDC. About 1V2" long (in- 
cluding shaft}, by '^ib" diameter. 
#273-223 ese 



Handy Assistants 




Extra 
Hands 



(1) Project Holder. A third hand for soldering, 

giiitng, repairing. Ball joints and two alligator 
clips adjust to hold work. #64-2093 ..... 7.99 

(2) Mini-Vise. Vacuum base firmly fastens to 
smooth surface. #64-2094 4.19 




Speech- Recognition IC 

g95 



Clipped Analog Input — Requires No 
Analog-to- Digital Conversion 

VCP200. Recognizes spoken commands, re- 
gardless of the person speaking. Five motion 
and two on/off or yes/no commands. Few ex- 
ternal parts needed. 20-pin DIP With data. 
#276-1308 9.95 



Universal Breadboard 



19 



95 




640 Plug-In Tie Points 

The 2'h X 6V2" universal board is mounted on a 
4x7" "stay-put" steel base with rubber feet. 
Accepts DIPs. discrete components and up to 
22-gauge wire. Three binding posts for external 
power connections. #276-169 1S.9S 



CO 

m 

H 

m 

m 
m 
33 



Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes, 
Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards, 
Plugs, Rectifiers, Resistors, Switches, Tools, Transformers, Wire, Zeners, More! 

Prices appi/ at panjc^atlng Radio StiacK stores arid dealers 



Radio /haeli 

The Technology Store 

A DIVISION OF TANDY COHPORATION 
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H6ath Summer Electronic Celebration. 



Make life easier... 



Full-featured remote 
control center tor 
yoiirTV, VCRand 
CATV. Designed to 
control units operated 
via infrared signals. 
Three AAA batteries 
included. 
GDZ-143 
(1 lb.) (29.95 





Recharge your NiCd batteries 
BP-1234 (4 lbs.) $17.95 






Amber screen (ish 
finder 

IWf-2020 

{6 lbs.) $244.95 

Accessories: Transonn^ 
Mount Transducer 

MIA-2020-1 {4 lbs.) $44.95 

Through-Hull Transducer 
MIA-2020-2 (6 lbs.) $99.95 



Full color fish finder 

Ml-2040 

{10 lbs.) $399.00 



Save $20 on portable electronic 

speller/game player. 

Words checked against 80,000-word 

dictionary. 

SA-103(f lb.) Now $59.95 

Save 2S% on portable dictionary/ 
thesaurus/speller. 

LM-2000 (1 lb.) Now $179.95 




Dial up these 
savings... 



/ 



Save 28% on 
Soutbweslern Bell 
wall phone. 

Switchable for tone 

and pulse {rotary) 

phone systems. 

Easy hookup. i"^'^ 

FC-2505 (3 lbs.) Now 24.99 

Full -featured 

Southwestern Bell 

memory pbone. 
u) One-touch dialing 
y of jp to 24 
Q numbers and three 
PC emergency 
o numbers, 
y Last number redial and hold. 
JJLJ Switchable pulsertone dialing. Styled 
2 for desk or wall. 
5 BT-1550 (3 lbs.) Now $49.95 




For the electronic 
hobbyist... 



Connector adapter 
kit. Make 108 ^ 
different ., * 

coaxial "^ 
connector adapters 
with gold-plated pins and Teflon 
Insulation. Kit contains male and 
female, N,BNC,UHF,SMATNC aid 
mini UHF connectors. Special in- 
betweei fittings allow you to assemble 
your own adapters in seconds. 
HCA-3000 (2 lbs.) $69.95 

Coai adapter ^j^* - 

cables. SolvesT^ 

frustrating "^'^ 

coax connection 

problems. Twenty cables let you 

make almost any connection. 50 ohm 

impedance. 

TPI-5000 (5 lbs.) ..Now $49.95 

Smallest 

auto-ranging 

DtMMmade. 

Fits in shirt 

pocket. This 

practically 

goof- proof, 

3 1/2 digit display shows readings up 

to 1999. A handy extra meter that's 

affordable and accurate. 

SM-2300-A (1 lb.) $24.95 







Two modular 1 0X 350 MMz 
scope probes. Perfect for 50 or 100 
MHz Oscilloscope. 
P-350-2 (1 lb.) $99.95 




Do-it-yaurseif 
telephone line analyzer. 

Save yourself the cost of expensive 
service calls by checking your own 
lines, phones and phone cords. Check 
out do-it-yourself wiring, too. Phone- 
line powered; doesn't require batteries 
or external power. 
ST-2204 (1 lb.) Now $19.95 



Kit projects. 




Heatfiklt Flood Alarm. 

detects leaking water 

pipes or basement 

wall see page .Three ; 

hours to build. 

(\leeds 9V battety. 

KitGD-1701 (2 lbs.) $12.95 

Program your 
doorbell with a 
lavoritetune. , 

includes soigbook 
with 50+ college, 
seasonal, Christmas 
and special occasion songs. Back 
door button activates a part-tune. 
Takes standard 16 VAC, 50/60 Hz bell 
transformer.Two-evening kit. 
KitTD-10B9(31bs.) $32.95 




^^d 



Noise generator 

kit. To properly 

check out any 

stereo or sound 

system with a 

spectrum analyzer, you need a noise 

source with a nearly constant energy 

output. One-evening kit. 

Kit AD-1309 {21bs.) $24.95 

Save time and 

money with 

breakout 

box. Access 

all 25 lines of 

RS-232C cable 

linking computer system devices. 

One-evening kit. 

KitPMK-130(2lbs.) $79.95 

Power line monitor. 

Warns you of 

problem-causing 

AC line conditions 

by displaying line 

voltage at any AC 

electrical outlet, Accuracy of 1.5%. 

Kit IM-2203 (3 lbs.) $39.00 





9 



Measure RF 
voltages. 

Easy-to-huild ' 

probe 

measures 

RF voltage 

for DC voltmeters with 10 and 1 1 

megohm input impedances. 

KltPK-3-A{1 lb.) Now $9.95 



Save on Scanners. 



1. Save $31 on Unlden 10-channel/ 
10-band handheld scanner. Super 
portable, programmable, direct channel 
access, channel lockout, keyboard lock 
switch prevents accidental reprogram- 
ming. Requires 5, AA (not included) or 
rechargeable NiCd batteries. 
BC-55X-LT (lib.) .....Now $108.88 

2. Save $51 an100-channel/11-band 
Unlden handheld scanner. Automatic 
and manual search, weather search, 10 
priority channels, squelch, lockout and 
delay. Snap on battery pack included. 
BC-100X-LT (3 lbs.) $178.88 

3. Save $304- on Unlden tabletop 
scanner. 11 bands of coverage, 5 or 
15 channels-per-second scanning 
speed. Features automatic memory 
search, backup, priority, programmable 
lockout, scan speed control and auto- 
matic squelch setting, Takes 117 VAC, 
60 Hz from an external wall outlet. 
BC-175X-L {3 lbs.) Now $138.88 

4. Save $61+ on 100 channel/11 -band 
Unlden mobile scanner. Auto search 

aircraft, police, marine and emergency 
bands. Programmable. Audio output 
is 1.5 watts at 10% THD; requires 13.8 
VDC (vehicle battery or AC adapter). 
BC-580X-LT (51bs.) $198.88 

5. Save $81+ nn deluxe Uniden 10- 
channel/t2-band mobile scanner. 

Covers 800 li/IHz band for full 12- 
channel coverage. Weather search, 
priority, squelch, lockout, delay, auto + 
manual band search. Takes 13.8 VOC. 
BC-760X-LT (5 lbs.) $248.88 

Heathkit* 

to order CALL TOLL FREE 

1-800-253-0570 

Use order code 217-020 



tor credit card orders, 24 hours a day. 

Some items are close outs. All items are 
available in limited quanities. Prices for some 
items were previously reduced. 

For your free Heathkit catalog 
call 1-800-44-HEATH. 
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What's New at 



T?ie "First Source" for the 

AMERICAN DESIGN COMPONENTS? ...„ZtZr™"X; 



We warehouse 60,000 items at 
American Design Components- 
expensive, often hard-to-find com- 
ponents for sale at a fraction of their 
original cost! 

Call Toll Free: 1800) 524-0809 



THERE'S NO RISK! 

With our 90-day warranty, 
any purchase can be returned for 
any reason for full credit or refund. 



CP/M COMPUTER... 

"Tinkerer's Dream' 
High Resolution, 
Graphics Capability... 




256K. expandable (chips rriust be hafd- 
wTredfn). Complete w/IB" monochrome 
monitor {amberl. 93-key Swedish key- 
board (most characters are in English), 
S( CPU ("disk drives not included!) 
Uses 1 or 2 DS/Quad Density Disic 
Drives. Manufactured for Compis in 
Sweden. Supplied with CP/M operating 
system disk (in Swedish). Operates on 
n5Vor230V. Built-in printer output (se- 
rial or parellel}. Hook.up diagram incl-l 

item #21934 New — $199.00 

(Manufacturer's Close-Out — not IBM 
compatibie — We cannot accept re- 
turns on this itemi) 



Sold Separately. 

EXTERNAL DISK 
DRIVE CHASSIS 

•Disk Drives 
not included 
With 
eow 

power 

supply 

(fan cooled). 

Can accommodate: 

2 full-ht. drives.. 




„ ADC item #7928 



2 floppy drives «tOO(K/1T171 

1 hard drive.... *1970+ 

a 1 floppy „.,» #10006 

Input: 1 15/230V, 50/60 Hi. 
Ong. for Burroughs computer. 
Dim.: n"W3t8-H!(12' deep 

Item #1*541 S59.50 

-Ar Chassis with One 5 T/^" 
DS/Quad Density 720K 
Drive... 

Item S14541 + #1904 $139.00 

* Chassis withTwo 5 ''/^ 
DS/Quad Density 720K 
Drives... 

Item #14541 * »1904 (2) $199.00 

VGA MONOCHROIVIE 
MONITOR 



31/2". 20Mb., 

HALF-HEIGHT 

HARD 

DISK 

DRIVE 




IST225 Compatiblel 

Universal 5V4' mounting. For 
PC/XT/AT compatible computers. 
Average access time: 62 msec. 
Mff — Lapine #LT2000. 
Item «)5S53 New - $179-00 



3V2 " FLOPPY 

DISK 

DRIVES 




Hsif HBight 

Oapacltarhce: \.UU^ 
(ufllofmanwl]; 3 ms ac-'* 
cessfme. 135 TPl, ISO tradt Power: 
3.5W@i2V±5%.M[t. - PeiHSMik; 
#JU-363-1(!ll«m«Ja75 NEW 
Full Haighi — (^pacitiry:e: 1 .0 
Mb [uniormatted); 3 ms aoce5s trine. 1 35 
TPl. Pcwer r^.: f t2 A +I5V. Removed 
ifom operaliofiat ccmpi/lers. Tasted— 

$79.00: 2 for $150.00 



STEPPING MOTORS 
for ROBOTICS... 

Pncision steppers with 
increments from J to 7.P. 
Spteds up 10 5,000 steps. 

2"LK2VdlB. !!3V,"H 

Itflni Step DC Tarqut 

■ No. Anaift Voltta" az/in. Typft 



1^y;"S<l-KlVi"ttg*p 




MIL & Pin No. 



3630 l.r 3.0 200 PM 

IStlO t.e- 12.0 700' PM 

ISlOa 3.0- 12.0 70C* PM 

70U 7.5- 12.0 aOO- PM 
'Gramt0trCm. 



Superior 
MOS2.FT.402 



S34.50 ei. 

2flirS5g.Sa 

ApplisEl Motion 2 59.95 ea. 

<017-B3S 2forJ«.95 

Applied Motion 2 S9.95 ee. 

<017-83S 2lorS1-<.9S 

Mitiuliishi 3 S10.95 «a. 

55SI.25DAyA 2lar$193S 



GELL CELL/LEAD ACID 
BATTERIES 

Sealeil, maintenance free, le- 
chargeable! 



12V 

@ 
Z.5Ah 







115 CFM MUFFIN® 
FANS 



Sii 2V @ 2.6A11 D C*. Enclosed in 
dear plastic casir^.Oim.: 4'W i2-WH x 
^3i<'0. Mr - Gatfls. 

Item K2370 New - $12.95 
12V @ S.OAh 

Dim.;6^s3-S'4*Hi4-0.M!r - Eagi« 
KctelCJ^IEVB RFE- Tes)e<ICoodi 
lle>ii«2086 $19.95 



wmm kits 

are available now I 



9" High Resolution 
TTLMONiTOR... 

(Open 

Frame) ,-> ^ . 




11SVAC, 
60Hj., 
21W., 
28A., 

3H)0RPM. 5-blade model, a3umin- 
tjm housing. Can be mounted for 
blowing or exhaust. Dimensions: 
4 "/it' sq. !t 1 Vj" deep. Mff; IMC 
item #}8S4 New - S9.95 

W/Adjustable Speed Control 
Item «20G11 $12.95 



51/4" FULL-HEIGHT 
DISK DRIVE 

(IBM" 
Conrpat) , 







48 TPl, 40 Track, 

Double Side/ Double DensHy 

tVlfr.-COC940ST 

Ite m #7 928 $7 9 . 00 Wew 
2 for $150.00 Wew 



ADAM COMPUTER 
ACCESSORIES... 

.dMMSVt "DISK DRIVE 
Coleco. mode!7S1A 
Item « 12430 New - $175.00 
ADAM PRi^^■ER... Friction feed. 
Taites standard paper SV^ x 11". 
Item »8S39 New - $69.50 
COLECOVISIOmo ADAM 
EXPANSION KIT 

Item «991S $59.50 
DATA DRIVE #6641 $19.95 
PRIHTTER POWER SUPPLY 

Item #6642 $14.95 
ASCII KEYBOARD 

Item *6643 $19.95 
CONTROLLERS (Set ol 4) 

Item #7013 $9.95 RFE 
ADAM CASSEneS 
Inci. Smart Basic. Buck i^ogers 
& blank cassette. Item #7786 

Baker'sDozen — $19.95 
jID/IW DAISY PRINT WHEEL 

Item *13305 $3.95 
NEW BLANK TAPES 
ltem#20S6S 4 for $10.00 
St4Af}TBA3C PROG. MANUAL 
ltemS20B75 (Vew- $14,95 
AD>5M SOFTWARE SET 
Irvcl. Expertype. Recipe Filer. Smart 
Letters & Forms, and Zaxxan. 
Item #21746 New - $29.95 



HELIUM-NEON 
LASER -2MW... 

Oelive.-s 2MW cI 632,8 m liglit. Laser 
head i ^sstK^ted electron's are Inte- 
grated Inio a single compact unlL Ideal 
lar hcktgr^y £ entetialnment ap^i^. 
tons (light stiows, etc.). Req. 12V tg lA 
AC adapter. Mlti. ir Germatfiy. i]imert.: 
15T)t2';5'H«2V,'D. 
tem«2726 Nbw - $139.99 

ir 12V Power Supply 

(RtKlulres conlp9M:l9 plug.) 

He!iiiri95a3 $9.95 



CAMCORDER 
CASE 




Carry your 

cessorles safely I Will ac- 
cojnmodate tiie tontnvlr^ earners: Mat. 
siEShita. Pa/tasflflic, GE. Chasar, 
MagnavoK. Syivania. NEC, & Philco. 
Lightweight, blaci: molded plastic: shcul- 
det stf^ md. OA Din.: irw X irH K 9' 
deep. Mir - Travel Master fTC-17t1 . 
Item t2291)9 New - $19.95 



Electronic Instant Ignition 
MtCRO TORCH 

• Hersd Held 
. Adjust. Flamt 

• RalllleMi.53ll.oi. 
Butane Gas Tanli 

Can be used in a wide 
range of epplicjiions: 
elect, installatorts. wekj- 
Ing, shrink tubing, jBweJry 
i toy repaiis. de-freeiing 
pipK.eltPteciseicoiil- 
rdled hi-Eemp. flame, max: 
1300°C/2370=f'. Flame adj.: i;2 101-Vfi*. 
Working (me: about 2 his. MeB! stand 
md.Dim.6-1WH!it.3/trda. 
htft- Vulcan #20 
kern 1122072 Weiv - $39,95 




COMPOSITE 
VIDEO MONITORS. 




21,26KH2.; Hi-Resolution; Amber. 
Operates on 11S/230V, 5O/60Hi. Req. 
VGA card for operation on IBM compati 
tslo computers. Mfr — Telonova, Itaiy 

Item #22078 New — $99.00 




9"- 12VDC 

Green phosphor. Scher^atlc incl. 
Audioirontcs «9(10964-04 
Item #17198 New - $19.95 



/tItltMt Hill 



o 

Power regulated: 

12VDC. Green phosphor. In 

plastic housing, with brightness 

control knob. 

Mfr - Hitacht: made for Sperry. 

5" Monitor — 

Item S14536 (RFE) S24.95 
9" Monitor — 

Item ti21A&^ (RFE} $29.95 



Please call or write wHh 
any other requirements... 



IBM PC/XT Compat. 
MONOCHROME 
DISPLAY & 
PRINTER ADAPTER 




Monochrome adaptor w/para|. 
I$l printer port. Can be used 
xvith any PC/XT or compat. Text 
only. Resolution: 72D x 348. IBM 
Model #1504900. 
Item S224M New - $24.95 



14" CGA MONITOR 
P/us CARD... 

(IBM Compatible) 




Input: 
115ffi30V, 

50^ Hertz (aulomalically switctiaUe). 
Resolutioh; £40 1 240 (RQB-hoiizonlal i 
vertical). CompJote with CQA card and 
IBM inleriace cables. Bu^-in stand. Dot 
pitcli: .31. h4lr - Hitachi; made lot Data 
Gsn«al. Item >2247S 

SpedBl Otter... ^^ „ 

(v™- $199.00 



AMERICAN DESIGN COMPONENTS, sis fairview ave., p.o. box 220, fairview, n.j. 07022 

YES! Please send me the following items — D My check of money order is enclosed. 



Item 
No. 



How 
Many? 



Description 



Total 



'88 'T^^' 



Shipping 3t handlinfhi wb ship UPS unless 
oihflrwisa 3p«clfiftd. Add $3 plus 10K af tatal. 
CarLttdi^n; S3 JjlyS P.O. COJt- ChArg« only. 
£4los Tax IN.J. residents aritv. 
ple9$4 jitkl S% of total} 



ORDER TOTAL 



O Charge my credit card. 
□ Wse □ (iflaster Card 



O Ainex 



MINIMUM 

ORDER 

X15. 

RE.939 



Card No. 




Exp. Date 


Sionature 


Telephone: Area Code 


Number 


Narne 


Address 


City 


State 


Zip 



All inquiries and free catalog rerjuests — call I2D1I 941-5000, 



For all phone orders, call TOLL FREE 800-524-0809. In New Jersey call (201} 941-5000. 



CO 
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VCR PARTS 



SANYO HF Modulator *4- 1 1 64-031 600 t1 7.95 E«. 
FISKER HF Modulator 191002-1 43-9-4300 17.95 El. 

MITSUBISHI RF Modulator #PUS78S&^)1 19.9S Ea. 

TOSHIBA RF Modulator fMS(J-911 19.95 Ea. 

RCA Loading Salt 1S70ei or 1S70&2 lO/For B.50 

FISHER Loading Belt 143-2-7504-01000 lOi/For B,50 

GOLDSTAR Samsung Pholo Interupter 1.99 Ea. 

RCA Idler 164113 3.25 Ea.. 

FISHER Idler 143^MZ04-a040a 3.89 Ea. 

SHARP Idler NIOL0005 2.99 Ea. 

SHARP Idler NIDLOOOe 2.99 Ea. 



POPULAR 
SEMICONDUCTORS 



2SD1341P 


Original Sanyo 


10 For $19.90 


28t}aS9 


Original Toshiba 


10 For 19.90 


BU2DBA 


Original Toshiba 


10 For 19.90 


2801398 


Original Sanyo 


10 For 19.90 


STH3n5 


Original Sanken 


3.95 Ea. 


STR312S 


Original Sanken 


3.9S Ea. 


STT)30120 


Original Sanken 


3 95 Ea 


STK4273 


Original Sanken 


(10 mln.) 9.95 Ea. 


STKOOeO 


Original Sanken 


15.95 E«. 


375 Replacen^ent 


(10 min.) 99e Ea. 



POPULAR 
CAPACITORS 



100IWFD/Sa Votta 
4.7MFD/250 Volta 
1DMFO/350 Volta 
1000MFD/200 Volts 
eeoiMFD/ioo VMa 

1<X)MFI>/2aO Volta 
47MF0/50 Volta 
tOMFD/25 Volta 
825MFD/2S0 Volta 
SOMFD/450 Volta 



Radiol 


20 For 110.00 


Radial 


10 For 5.50 


Radial 


10 For 7.50 


Snap-in 


5 For 12.50 


Snap-in 


5 For 12.50 


Rediai 


10 For 12.50 


Radial 


10 For 4.50 


Non Polarized 


10 For 5.0O 


Snap-In 


3.9G Ea. 


Axial 


10 For 19.90 



POPULAR ITEMS 



Sharp FlytMCk 
Sharp Flyback 
Sanyo Flyback 
Sanyo Flyback 

Tripler 



F00D9G 

FO003C 

FO260 

F0192 

523A/526A 



Sanyo Focua Divider Z(K)e4 
Mlnus-82 Fiveze Spiay 

Ffeon TF Cinr./Preclskin CInr. Oegreoser 
Chemironics SokJer— 1 Lb. Spool .031 Die, 
Chem-WIck Ute 1/8 Dia. 26' Spool 



S2T.95 Ea, 
27.95 Ea. 
14:95 Ea. 
14.95 Ea. 

9.95 Ea. 
11.95 Ea. 

4.95 Ea. 

4.95 El 

r.95 Lb. 

5.50 



ASK FOR OUR FREE CATALOG! 




fcdEFELECTRONICs' 



975 Jaymor Rd. 
Southampton, PA 18966 

CALL TOLL FREE: 
1-800-628-1118 
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The PA81 Is Truly The 
"Missing Unk In Audio Servicing' 



Iniroducingihe "Missing Link in Audio Servicing," wittiihe NEW PA81 Stereo Power 
Ampilfier Analyzer" from Sencore Eiectronics. Trie PA81 provides e\;efything you need 
!or power ampiifier analyzing inlegrated into one complete package, wilh: 

• Twin Frequsncy CompDnsated Autoranged Wattmeters: 250 watts per ofiannel (SOD 
watts it paralieled), and iisten to audio clarity witti t)uilt-in volume controi. 

• Built-in IHF/EIA Testing Companents At Your Rngertips: 2.4,8,16. and 32 ohm- zero 
react3n[;e loads . and all specitied bandpass audio fillers. 

• Measure RMS Volts And dB As You Trace Th ratio ti Circuits: Pius, programmable dB to 
measure stage gain, 

• Test Intgrmittents To Prevent Amplifier Damage: Built-in DC balance test, automattcally 
opens loads. 

• Test Auiiio line levels To Make Sure Tlie Driver Input Signal Is Correi^: Crieck 
turniatjies, Ali^ tuners. FM tuners, TV stereo demodulator outputs. CD players, etc. lor 
standard line levels, 

• Monitor Stereo Separation To 126 dB: Monitor. trout)lestioot. or align AM-FM or TV 
Stereo separation circuits 
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Walk troubles out bI say power amplilier stsge, step by itep, with tite PA81. 



3Z0D Sencore Drive, Sioux Falls. South Dakota ST107 

■ IHF-inslilule or Hiqh Fldelily 
I1A— Elecironics industries Assentation 



Call r-800- SENCORE 

(736-26/3) 
In Canada Cafl 1-80O-851~8SSe 

CIRCLE 176 ON FREE INFORMATION CARD 



Ask About 
A 10 Day 
Video Preview 



^EaiBi!^ 




Super values on the tools and Instruments you need to 
Identify problems, get to them quickly and make repairs easily! 



PRECISION HAND-HELD INSTRUMENTS 

• Lightweight convenience. Easy to read 
• Fast, precise results 



B & K Precision Test Bench™ 

• 41 range voltmeter • Ammeter 

• Ohmmeter • Frequency counter 
■ Capacitance meter 

• Logic probe 
Transistor & 
diode tester 
Extra-large 
LCD display 




SCOPE Digital Multimeter 

• 11 function, 38 ranges 

including: Logic Level Detector, 

Audible and 

Visual 

Continuity, 

Capacitance & 

Conductance 

measurements 



Model 
3&S-HD 

Reg. 
S129.95 



Model 
DVM-638 

Reg. 

Our Price 

$7995 




CA-92 Deluxe Padded Case for DVM meters S9.9S 
TL-216 Thinslstor and Capacitance Test Leads $9.90 



ALL-PURPOSE 

92-PC. 

TOOL CASE 

• Complete kit for home, 
workshop and auto 

• Includes 52-pc. socket set 
with extert(tei5 • 2 tool pal^ 
with roomy rear storage 
compartments • Attractive, 
rugged carry case. 




DUAL TRACE OSCILLOSCOPES 




A.W. SPERRY 20 MHz 
OSCILLOSCOPE 

• Built-in component 
checlcer • Z-axis input 

• Low power consump- 
tion • TV Video sync 
filter • High-sensitivity 
X-Y mode • Front panel 
trace rotator • Includes 
2 test probes 



Model 62QC 



$34995 



OurPrtce 
Special Price 



HITACHI 35 MHz 
OSCILLOSCOPE 

• 19 calibrated sweeps 

• 6' CRT with internal 
graticule, scale 
Hlumination & photo- 
graphic bezel • Auto 
focus • X-Y operation 

• TV sync separation 

• Includes 2 probes 
(10:1 and 1:1) 

Model V-35S 

Rea. 
SaS955 

Our Price 




$598"" 
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ASK FOR YOUR FREE CATALOG 




ELECTROIMI 

260 Motor Parl<way 
Hauppauge, New'Yorl< 11788 



TELEPHONE 

ORDERS 
NOW! 



(In NY State 800-832-1446 Ext. 242) 



Sofvkxft Shipping Chanie 5ch«ckila 
Contin«nial U.S.A. 

FOROPOEBS 
S2E-M 

151-lffl} 
1101.200 

tttVfiOG 

teoi'TSO 

ti^tn^coo . 

Q^ ind Up ^,) 7*., 
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tlQOO 
llZfiQ 
JVSflO 
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